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Introduction 
FRANCESF. JACOBSON 
SEVERAL ON A review article about children and YEARS AGO, WHILE WORKING 
their use of electronic information retrieval systems, I was struck by the 
dearth of literature on the subject Uacobson, 1991). General technology 
topics were receiving a great deal of attention: educational software, tech- 
nology management issues, the role of the school library in promoting 
computer literacy, and so on. But, except in a few notable cases (see, for 
example, Edmonds et al., 1990; Walter & Borgman, 1991), most research 
on catalog use and information retrieval focused on the adult user. 
Since my review article appeared, this field of inquiry has seen con- 
siderable evolution. The technology has, in a sense, caught up to 
children’s needs. With more power and storage capacity available at the 
workstation level, there has been a shift away from remote mainframe 
dependence. New graphical information retrieval systems like the Kid S 
Catalog (Busey & Doerr, 1993) do not demand that children possess the 
cognitive skills of adults. Hypermedia has come of age, enabling the 
development of different types of interactive information tools. Perhaps 
most significant of all, massive developments in telecommunications tech- 
nology have resulted in Internet availability for wide segments of the popu- 
lation. The World Wide Web is only about four years old yet is already 
forcing a paradigm shift in the way our culture views information and 
communication. 
In addition to improvements in technology, we are also witnessing 
changes at the programmatic level-from the efforts of individual institu- 
tions to profession-wide initiatives such as the American Association of 
School Librarians’ ICONnect project, directed by Pam Berger 
Frances F. Jacobson, Library,, University High School, Room 201, University of Illinois at 
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(see http://m.ala.org/ICONN/) . The information science literature 
is beginning to reflect these changes in the status quo. For example, the 
September 1996 D-Lib Magazine (http://~~~.dlib.org/dlib/september96/ 
09contents.html) is a special issue on digital libraries and education. 
Articles range from descriptions of individual digital library research ini- 
tiatives in schools (e.g., Wallace et al., 1996) to a big-picture piece by 
Masullo and Mack (1996), who discuss ways digital libraries can promote 
the realization of educational reform. Despite these examples, however, 
the digital library research literature has still focused primarily on the 
needs of expert communities-scientists and scholars-and thus on is-
sues of access and collections rather than on issues related to learning 
and cognitive access to information. 
What is a “digital library” in today’s world? I posit that it is currently 
a hybrid place, offering a variety of resources in a hodgepodge of differ- 
ent formats. In a given physical library space, it is possible to find a wide 
variety of workstations giving access to the library’s catalog, and educa- 
tional software for children (some of these workstations linked in local 
area networks) as well as the traditional array of print access tools and 
resources. There is no single, monolithic “digital library” that is a self- 
contained repository of this hypothetical library’s holdings. In a week or 
six months or a year, the scene will look different, as this library will con- 
tinue to be subject to rapid and profound change. 
The authors represented in this issue of Library Trends take a hard 
look at children’s information needs in terms of the digital library. They 
examine the current hybrid state of affairs, innovative developments in 
software design and collection delivery, and implementation issues sur- 
rounding digital information tools. But technological advances are only 
part of the story. These articles also discuss the “socio-human” factors. 
What is the relationship between the user and the digital library collec- 
tion? How is the collection made meaningful to the young user? What 
learning and teaching issues are involved? 
My original view of this issue of Library Trends was that the articles 
would fall into logical discrete categories. I anticipated separate sections 
with headers like “Overview,” “Content Issues,” “Cognitive Issues,’’ and 
“Teaching Issues.” But, once the articles started arriving, I found that 
there was considerable blurring among my imposed categories. Most of 
the authors addressed some aspect of each category in one way or an- 
other. How could a learning theorist speak about cognitive processes 
without linking them to classroom situations? How could a content pro- 
vider not consider cognitive processes during interface design? How could 
political issues like equity be considered apart from their impact on learn- 
ing? In the end, I came to view these articles as a series of stories, each 
one describing a different aspect of the whole. Some of the perspectives 
overlap; all represent different lenses focused on similar phenomena. 
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The issue begins with Pam Sandlian’s fantasy of a “what-could-be” 
future, beyond the haphazard hybrid state mentioned above. Her vision 
is what we would all like to see-i.e., the realized potential of the digital 
library for children. She describes a world in which there is no either/or 
dichotomy between print and electronic. In Sandlian’s world, the digital 
library assumes all formats. The print and electronic worlds intersect so 
that the appropriate technology is applied to the appropriate use. The 
articles that follow Sandlian’s confront the stages in between, the work to 
be done, before her vision can be realized. 
Virginia Walter grounds us in an overview of the policy issues, keep- 
ing the needs of children at the core of her discussion. She takes on such 
thorny topics as intellectual freedom, filtering software, commercial as- 
pects of the Internet which target children (i.e., the online version of 
Saturday morning cartoon-commercials) ,information literacy, and tradi- 
tional assumptions about the librarian’s role in collection development. 
She also addresses equity issues in terms of socioeconomic status, gender, 
and ethnicity. Walter concludes by describing a “policy narrative” pro- 
cess which takes into account the personal relationships children have 
with computers and positions adults as supporting characters who pro- 
vide guidance at critical moments. 
Moving on from dreams of the future and the vagaries of policy set- 
ting, concrete issues of content are addressed. World Book Encyclopedia 
possesses near-reverential stature as the quality reference tool for chil- 
dren. Robert Janus details how the producers of this highly esteemed 
title managed its transition to a digital format. His story reflects the per- 
spective of a traditional print publisher-concerns regarding quality, prod- 
uct image and continuity, and marketing. He adeptly describes the tech- 
nical mountains confronted during the conversion process and the diffi- 
culties of creating something new in a fluctuating technological environ- 
ment. What should be done about hardware and networking develop- 
ments that move faster than school and library budgets do? How does 
the information producer reconceptualize a product to take advantage 
of the new capabilities provided by electronic access without compromis- 
ing ease of use and the integrity of the information? Janus also gives us 
a glimpse into plans for the future development of World Book. 
Of all the articles in this collection, the piece written by Marvin 
Weinberger is the one that comes closest to describing a “true” digital 
library. The Electric Library is a vast collection in the way we think of librar- 
ies as being collections. It offers an eclectic body of work culled from a 
wide variety of sources, representing numerous points of view and tradi- 
tions, and speaking to many different audiences. Rather than focusing 
on the specific technical features and functionality of this product, 
Weinberger has written an impassioned “why” piece-why such a prod- 
uct was envisioned and its role in terms of the tools that an educated 
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member of society needs. Two other articles in the issue (by Leander 
and Bruce and Jacobson and Ignacio) make reference to the use of Elec-
tric Library in a school setting. 
Many think of children’s literature-books-as being at the core of 
library service to children. What has happened to children’s print litera- 
ture itself in the age of the digital library? Eliza Dresang takes a close 
look at the evolution of this medium, delivering a new and eye-opening 
perspective on the impact of the digital environment on the entire body 
of children’s literature and children’s perception of it. The digital age 
has had influence far beyond the purely electronic realm. Missing from 
this issue is an article addressing digitized versions of children’s litera- 
ture. Picture books, story books, and other traditional forms of children’s 
literature are now coming out on CD-ROM, ideally as interactive “experi- 
ences.” There is disagreement concerning the success of these products, 
some arguing that the interactive elements are often gratuitous, distract- 
ing from the flow and intent of the original work (e.g., Kafai & Soloway, 
1994),others advocating their use in tandem with print works (e.g., Sharp, 
1994). 
Returning to considerations of content for children in the digital 
world, notions of cognitive access become critically important. Edelson 
and Gordin (1996) observe that: “Most current digital library research is 
about availability because availability of resources is the primary issue for 
expert users.” They conclude that digital libraries must be adapted for 
learners so that the content will be accessible as well as available. In this 
issue of Library Trends, the article by Chen, Fales, and Thompson con- 
fronts content and accessibility concerns in terms of the pedagogical goals 
of classroom teachers who are trying to use digitized primary historical 
collections previously unattainable for student audiences. As Bill Tally 
(1996) points out, primary historical collections on their own seem raw 
and lacking in context. They may be free from bland textbook treatment 
but are also unwieldy and cumbersome in classroom situations. Chen, 
Fales, and Thompson describe the efforts the Library of Congress and 
the Center for Children and Technology (CCT) are making to enable 
schools to take advantage of these rich resources in a way that is manage- 
able, enhances learning, and will lead students to explore further. We 
are taken into a classroom to view a case study of how historical primary 
resource material is used in context. 
The CCT effort represents one way in which children’s access to digi- 
tal library resources might be conceptualized and implemented. Clearly, 
however, multiple approaches are called for. For the students and teach- 
ers who are using the Library of Congress (LC) American Memory collec-
tions independently, the LC has sponsored a specially designed World 
Wide Web access point. The Learning Page helps teachers and students 
make sense of the massive collections by incorporating principles of In- 
structional Systems Design. Judith Graves, developer of the Learning Page, 
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describes the analytical process that shaped her design. 
Together, the articles by Graves and Chen, Fales, and Thompson, 
provide us with two snapshots of the case of a single digital library “situa- 
tion.” Together, they represent universal problems related to access and 
learning. Delia Neuman and Carol Kuhlthau direct our attention to broad 
theoretical views of the same issues. Their perspectives help define the 
boundaries of this field of study, guiding practice and development in 
the area. First, Neuman argues for a view of the digital library as a learn- 
ing environment. Reviewing the research that demonstrates the role elec- 
tronic information systems can play in the development of higher order 
thinking skills, she presents the digital library as a robust environment 
for staging such learning opportunities, although she does not minimize 
the potential pitfalls. She weaves together research from the fields of 
information studies and instructional technology to propose an 
overarching framework within the area of information literacy. 
Kuhlthau extends her previous groundbreaking work in the Infor- 
mation Search Process (ISP) approach to application in the digital li- 
brary environment. She argues that the “deadening impact of overload” 
can create serious obstacles to learning despite our appreciation of the 
welcome abundance of resources. She reviews the stages of the ISP, pre- 
scribes a series of instructional intervention strategies librarians can use, 
and proposes an emerging theory for creating learning environments in 
digital libraries. She accomplishes this by casting constructivist attributes 
of learning-acting and reflecting, feeling and formulating, predicting 
and choosing, and interpreting and creating-in a digital library con- 
text. 
In contrast to the sweeping landscape provided by Neuman and 
Kuhlthau, Sandra Hirsh dives into the fine detail of children’s use of an 
information retrieval system. She describes results from the final study of 
the Science Library Catalog project, the substantive research program which 
launched a whole new approach to information retrieval system design 
for children. Hirsh focuses on types of search tasks to determine that task 
complexity and topic knowledge have great impact on children’s success 
in locating information. She concludes that information retrieval sys- 
tems must make accommodations for the needs of children if they are to 
be used successfully. 
In classroom settings, cognitive issues such as those addressed by 
Neuman, Kuhlthau, and Hirsh become inextricably linked with issues of 
context and situation. Without exception, the articles in this issue share 
a constructivist approach, one which places the student in the role of 
prime arbiter of the learning process. The last two articles in this issue 
employ the constructivist perspective but also tackle the tension between 
“authentic” activity and the reality of classroom expectations and reward 
systems. 
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Bruce and Leander evaluate digital libraries in the context of the 
situations in which they are used. They look at the notion ofpracticethe 
ways in which the habits and activities of teachers and students affect their 
use of digital libraries. They also look at library contexts and how activi- 
ties in libraries convey special connotations depending on whether they 
are carried out in physical or digital spaces. Finally, Bruce and Leander 
support the idea of the digital library hybm’d, invoking the dual benefits of 
the fluidity and fixity provided by a mix of library environments. 
Emily Ignacio and I have added the learner’s reflective processes to 
Bruce and Leander’s argument that digital libraries cannot be regarded 
in isolation from the contexts of their various employments. Turkle (1996) 
notes that, when information technology crosses the line with communi- 
cation technology, personal identity issues seem to migrate to center stage. 
Our perspective focuses on instructional interventions which help shape 
the internal narratives of learners. Drawing on the lessons of three re- 
cent cognitive learning theories, this article describes one pedagogical 
approach to teaching learners the art of self-aware navigation in digital 
library environments. 
I like to compare Pam Sandlian’s optimistic vision of the digital li- 
brary to the dystopian portrait painted by Clifford Stoll (1995) who, from 
his selective reading of information science literature, assumes that a digital 
library is one without books or librarians: “I claim that this bookless 
library is a dream, a hallucination of online addicts, network neophytes, 
and library-automation insiders” (p. 176). By the same token, Sandlian’s 
future library does not resemble a Nicholas Negroponte (1995) land- 
scape, where computers reign supreme. Instead, her future is comfort- 
ably multicolored, full of choice, rather than a land which forces its citi- 
zens along a prescribed monotone path. 
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Visioning the Future of the Digital Library 
PAMSANDLIAN 
AEETRACT 
THEELECTRONIC OR DIGITALLIBRARY is just beginning to take shape through- 
out the world, including the world of libraries. To talk about the elec- 
tronic library for children requires a futuristic approach. This article is a 
well grounded fantasy with practical insights revealing a scenario for a 
library of the future. 
INTRODUCTION 
There is a young man who comes into the library frequently. He is 
about thirteen years old, one of the brightest in his school. He works for 
hours on the computer, surfing the Web or playing Sim City. Sometimes 
he chats with friends, trading computer secrets. Sometimes he spends 
hours patiently mentoring younger children on the computer. When 
this young man grows up, becomes a father, and brings his children into 
the library, how will the library look and feel? What tools will be avail- 
able? Will there still be books? Let’s step ahead a generation and imag- 
ine our future. 
Most importantly, the library is still a place; a community gathering 
place bustling with activity. Children and adults gather to work together, 
read together, talk with each other, learn both from the resources there 
and from each other. The library is the community’s center for learning, 
one that recognizes that individual children have individual unique Iearn- 
ing styles. 
Learning takes place in a wide variety of forms. A child can play 
chess on a computer solo or interactively with another child in Mexico. 
Pam Sandlian,West Palm Beach Public Library, 100 Clematis Street, West Palm Beach, FL 
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He can also play chess the old fashioned way with his friend or join the 
after school chess club and receive professional mentoring by a grandfa- 
ther who volunteers his time at the library. He visits regularly with na- 
tional experts via teleconferencing but sometimes that isn’t as much fun 
as playing in person. 
There are hundreds of computers and computer docks throughout 
the library. The computers come in all sizes, from small pocket comput- 
ers, to laptops, desktops, and large screen community theater style com- 
puters. All of the computers work, always, and they are connected to an 
international information network. Via this network, a child can log into 
the Kid’s Place, a global information center that provides opportunities 
to access, explore, and interpret information. The technology provides 
opportunities for children to experiment with information by manipulat- 
ing, creating, and re-creating projects. The publishing industry has ex- 
panded its format to include online products; virtually any popular topic 
is available. A child can watch a video, interact with educational software, 
solve a puzzle with other children who are online, read a magazine ar- 
ticle, listen to a radio snippet or, of course, access a book. Children have 
instant and archival access to news and cultural events. There is an on- 
line author center where children view authors talking about their ca- 
reers and listen to readings from their favorite books. Libraries and book- 
stores still bring authors for visits and book signings, and these presenta- 
tions are more widely available because they are published via the net- 
work. 
Books have the comforting look and feel that they always have, but 
they also connect to computers providing a new panorama of opportuni- 
ties. When connected, all books become “books on tape” if the reader 
would prefer to listen to them being read. Some literature, especially the 
classics, link to multimedia critiques and cultural explanation, including 
historical context. Reading is multisensory, integrating visual and audio 
with text. Literacy is defined as the complete understanding of a subject, 
not just developing the skill of reading. In a high tech environment, 
human interaction still has the highest value. Reading remains a favorite 
way for families to spend time together. Thus, circulation of books con- 
tinues to be one of the library’s main functions, particularly children’s 
books and popular adult materials. 
The library has become a publishing center. Children and adults 
alike use this area to produce their own presentations and communica- 
tions. Children build electronic portfolios documenting their school- 
work, and the library has become a center for this homework produc- 
tion. In this virtual studio, stocked with the most sophisticated techno- 
logical equipment, children experiment with sounds, animation, graph- 
ics, language, textures, and inventions. Many children work together on 
projects because they get ideas, motivation, and excitement from collabo- 
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rating. At the library there is always someone to help them with a new 
computer program. A favorite place for high school students to work 
part time is in the library publishing center. Their benefits include un- 
limited computer time as well as a fair salary. 
Children have unlimited resources available at their fingertips in 
order to nurture and support their creativity. This includes access to 
video clips; clip art photographs; computer authoring tools; printers; both 
print and video; digital cameras; and, of course, scissors, paper, and glue. 
Sometimes working on computers becomes routine, and it is more fun to 
make a mask or build a diorama. Craft supplies, hands-on science projects, 
interactive puzzles and interpretives are available throughout the library 
for children to explore their ideas and their world. The library has be- 
come an interactive museum of the mind. This place of books has now 
become a playground for learning. 
The community recognizes its library as an essential learning envi- 
ronment. Short term funding and long term financial commitment fol- 
low at the local and international levels. Countries are interdependent, 
relying upon the international information network not only for the edu- 
cation of their children but also as a lifelong learning environment that 
is critical to the continuing education of adults. 
Children growing up with the electronic library take the virtual com- 
munity for granted. Their perception of the world is shaped by their 
ability to navigate the electronic community to exchange ideas, foster 
relationships, and gather up-to-the-minute information. Journalistic cred- 
ibility is held to high standards due to the global communication struc- 
ture put into place with the Internet. Children’s voices are heard and 
children’s issues receive priority attention due to the empowerment 
achieved via their electronic voice. 
Libraries take the lead in providing computer and information skills 
training for all customers, especially children. The ability to navigate, 
analyze, evaluate, and organize information becomes the critical skill 
which all children must master. The library provides formal training in 
these areas as well as an open-ended learning environment where chil- 
dren enjoy exploring information in a playful adventurous setting. 
Perhaps this library isn’t a generation away. Many of the building 
blocks are already available in some settings; for other libraries they are 
just a few years away. For library visionaries and planners, the most im- 
portant element is always the customer. While it may be easy to get car- 
ried away by technology, the customer will always bring us back to reality. 
The young man who is working on the computer stops for a mo- 
ment, chats with a friend standing next to him, then proceeds with his 
game. The future is ours to create and discover; we need to proceed with 
the exuberance of childhood and the wisdom of experience. 
Becoming Digital: Policy Implications for Library 
Youth Services 
VIRGINIA. WALTER 
AESTRACT 
THEAUTHOR FRAMES THE POLICY ISSUES surrounding children and digital li- 
braries by establishing two criteria for decision making: (1) Does this 
policy facilitate access to information by children and young adults? and 
(2) Does this policy enable the library to provide better service to chil- 
dren and young adults? The intellectual freedom issues are discussed 
along with the range of responses to them, including the use of filtering 
software and the teaching of information literacy skills. Both the digital 
challenge to conventional collection development policy and the prob- 
lem of equity are linked to the issue of access to information. The out- 
comes for children from digital libraries are weighed, and a policy 
metanarrative is constructed from the conflicting images of the child in 
the digital world by including the computer as an active protagonist in- 
teracting constructively with the child. 
INTRODUCTION 
Nicholas Negroponte (1995),founding director of the Media Lab at 
the Massachusetts Institute of Technology, writes persuasively about an 
emerging digital world that is defined in electronic bits, not the physical 
atoms that comprise books, magazines, and videocassettes. This transfor- 
mation from atoms to bits is both irrevocable and unstoppable, he claims, 
and the rate of change is exponential. 
Much of the literature on digital libraries also seems to be making 
the claim that the transformation from libraries with walls surrounding 
Virginia A. Walter, Department of Library and Information Science, 220 GSE & IS Building, 
Box 951520, 405 Hilgard Avenue, University of California, Los Angeles, CA 90095-1520 
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collections of print to virtual libraries with access to unlimited electronic 
resources is both irrevocable and unstoppable. This is not to say that 
there have been no skeptics or voices of caution. Walt Crawford and 
Michael Gorman (1995), for example, write about the fallacies of what 
they term “technolust” in the library community and argue for the addi- 
tion of digital materials to collections of print and other media, not the 
replacement of print with digital artifacts. David M. Levy and Catherine 
C. Marshall (1995), both researchers associated with the Xerox Palo Alto 
Research Center, have also been critical of the assumption that libraries 
will become completely digital, pointing out that collections have never 
been completely print either. Much of the discussion of digital libraries, 
however, has been informed by a kind of technological imperative and a 
belief in their potential for providing better information services. Karen 
M. Drabenstott (1994), for example, in her AnmlyticReuiew of the Library of 
the Future, offers the following as a “shared vision of the future”: “There is 
an evolving shared vision of the new information world. It is a world of 
ubiquitous, reasonably priced digital information in any and all media, 
available to everyone from a computer, television, palm, or wrist, as pre- 
dictable, ordinary, and universal as a toaster” (p. 7). 
The rate of change to the new information world described above, if 
not exponential, is faster than many might have predicted. In 1994, 20.9 
percent of all American public libraries were connected in some way to 
the Internet; in 1996, this number had grown to 44.6 percent, an increase 
of more than 100 percent (Bertot et al., 1996, p. 13). The percentage of 
schools with Internet access increased from 35 percent in 1994 to 50 per- 
cent in 1995 (National Center for Education Statistics, 1996, p. 9). 
What Drabenstott describes as a “shared vision,” however, is actually 
the product primarily of individuals associated with large research librar- 
ies and electronic library utilities. It has its origins in a perceived para- 
digm shift from acquisition to access in many large libraries, in the need 
to control or reduce the costs associated with acquiring and storing large 
complex collections, and in the explosion of a number of enabling tech- 
nologies which facilitate digital access to information. 
Librarians serving youth in public and school libraries have been 
early and active adopters of information technologies of all kinds. Frances 
Jacobson (1995) is exemplary of these reflective practitioners; in addi- 
tion to her own thoughtful implementation of digital resources in the 
library that she manages at the laboratory school at the University of Illi- 
nois at Urbana-Champaign, she has investigated the meaningful integra- 
tion of information technology in other high school library settings and 
shared her findings with the professional community. Scholars such as 
Delia B. Neuman (1993) and Paul Solomon (1993), among others, have 
contributed to a small but growing body of research on young people’s 
use of electronic media. The Science Library Catalog project at UCLA 
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was an extended research study of children’s use of electronic catalogs 
which yielded a number of findings that have contributed to our under- 
standing of the ways in which children search for information in a digital 
environment and have led to the development of more age-appropriate 
interfaces to electronic catalogs (Borgman et al., 1995; Hirsh, 1995; Walter 
et al., 1996). In spite of these and other indicators that children and 
young adults comprise an important segment of the emerging digital li- 
brary user community, the particular needs and interests of children and 
young adults have not been highlighted in the general professional dis- 
course on digital libraries. 
The focus on children’s interaction with networked information has 
come from outside the library and information science field, primarily 
from those who seek to protect young people from sexually explicit ma- 
terials and from contacts with adult sexual predators. There is some dan- 
ger, therefore, that other policy issues relevant to libraries serving young 
people may be overlooked or misrepresented. This article is intended to 
provide a framework for integrating the policy implications for youth 
services into the larger discussion on digital libraries. The author as- 
sumes that library services for youth are, in fact, becoming digital and 
argues for the development of policies that will meet the needs and best 
interests of children and young adults during this transitional period. 
THINKINGABOUT POLICY 
Policy is about choice. Policies are deliberate choices or decisions 
that guide actions and influence outcomes. Foreign policy guides a 
country’s relationships with the outside world. Economic policy attempts 
to guide the complex exchange of goods and currency in a society. Na- 
tional information policy is the growing arena represented by such re- 
cent legislation as the Communications Decency Act and the Clinton 
Administration’s initiatives to connect schools and libraries to an Infor- 
mation Superhighway. Organizations also have policies which guide such 
matters as personnel decisions and interactions with the media. Librar- 
ies typically have internal policies which guide collection development 
and service priorities. Library policies are traditionally informed by prin- 
ciples of intellectual freedom, as defined by the American Library 
Association’s Bill of Rights and by their own tacit or implicit mission state- 
ment. In other words, choices made by library decision-makers are pre- 
sumed to facilitate, rather than restrict, access to information and to ad- 
vance the library’s ability to serve its clients. 
The overarching criteria for decisions made in the process of digitiz- 
ing libraries intended for young people then should be: (1)Does this 
policy facilitate access to information by children and young adults? and 
(2) Does this policy enable the library to provide better service to chil- 
dren and young adults? 
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DIGITALIBRARIES ACCESS THEAND CHILDREN’S TO INFORMATION: 
INTELLECTUAL ISSUESFREEDOM 
The American Library Association has adopted an interpretation of 
the Library Bill of Rights that relates specifically to access to electronic 
information, services, and networks (American Library Association, 1996). 
This document reiterates ALA’s long-standing commitment to the rights 
of minors to information. In language which has become customary in 
library intellectual freedom documents, concerned parents and legal 
guardians are advised of their responsibility to provide guidance only to 
their own children. Some youth advocates may feel that libraries have an 
obligation to ensure that even parents do not limit children’s access to 
information; ALA has resisted taking this more radical position and stops 
merely at the point of libraries acting in loco parentis. The potential for 
accessing pornographic materials or for adults to obtain personal infor- 
mation about children through the Internet has, however, raised a 
firestorm of concerns, policy responses, and technical innovations de- 
signed to restrict children’s access to networked information. 
The cover of the July 3, 1995, issue of Timemagazine showed a bug- 
eyed toddler with chubby fingers poised on a computer keyboard. Bold 
capital letters across the child’s chest screamed “Cyberporn.” The cover 
story by Philip Elmer-Dewitt (1995) reported a study of online pornogra- 
phy conducted at Carnegie Mellon University in which 917,410 sexually 
explicit items on the Internet were surveyed. The author notes: “The 
great fear of parents and teachers, of course, is not that college students 
will find this stuff but that it will fall into the hands of those much 
younger-including some, perhaps, who are not emotionally prepared 
to make sense of what they see” (p. 40). He goes on to tell about a New 
York City ten-year-old who received a mysterious file from a stranger in 
the children’s Treehouse chat room on America Online. When he down- 
loaded the file, he got a screen containing ten small pictures of couples 
engaging in various forms of sexual activity. Although the methodology 
of the Carnegie Mellon study was subsequently determined to be flawed 
and its findings suspect, the damage had been done in the national policy 
arena. The Internet was cast in the public’s mind as a potential conveyor 
of smut to children. 
In spite of the assertions by a number of experts that the likelihood 
of such an occurrence is small, the possibility of children’s exposure to 
such graphic pornography online was the trigger for the passage of the 
Communications Decency Act, sponsored by Senator James Exon. The 
law, which was successfully challenged in the courts by a coalition which 
included the American Library Association, criminalizes the act of know-
ingly making indecent material available to children under eighteen years 
of age. ALA has taken the high road on this issue, challenging the law as 
being inconsistent with individuals’ First Amendment rights. Some li- 
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brarians and educators have admitted, privately, however, to being un- 
comfortable with the uncontrollable anarchy and untrammeled content 
of the Internet and question its appropriateness as an information re- 
source for children. 
When Bruce Flanders (1994), director of technology for the Kansas 
State Library, surveyed a number of school librarians in 1994, he learned 
that restriction of student access to the Internet was common. In spite of 
librarians’ personal commitment to intellectual freedom, they reported 
conflicts with other public school policies and mandates. Parental pres- 
sures made the issue of networked information sensitive in many school 
settings. There was an expressed assumption held by these school librar- 
ians, however, that public libraries might offer more unrestricted access 
to young people. Are public libraries ready to take this risk? 
MultiMedia Schools is a journal devoted to extending the use of infor- 
mation technologies in K-12 schools; its articles tend to be up-beat and 
practical, full of tips for using multimedia resources in classrooms and 
school library media centers. It is interesting to note, therefore, the cau- 
tionary tone of a recent article by Sally Laughon and William R. Hanson 
(1996). In “Potholes on the Infobahn, Hazardous Conditions Ahead?” 
they outline the problem areas that are emerging as schools connect to 
the Internet. They note the potential for abuse of e-mail as a conduit for 
offensive speech and harmful materials such as information for organiz- 
ing terrorist activities. The authors call attention to sexually explicit and 
racist newsgroups and Web sites. They warn about students’ ability to 
clog bandwidth by overuse of File Transfer Protocols, downloading lengthy 
files from distant servers. They describe the twin phenomena of 
cyberstalking and trolling, forms of sexual harrassment practiced in MUD 
(Multi-User Dungeon) and MOO (Multi-User Object Oriented) digital 
environments. 
Yet another objection to the content of the Internet has been spear- 
headed by the Washington-based Center for Media Education (CME). 
This group has called attention to what they feel is manipulative advertis- 
ing and child-centered marketing which businesses such as Kellogg, 
Nabisco, and Frito-Lay have launched on the World Wide Web. The con- 
cern is not just that children are being exposed to commercial advertis- 
ing, but also that they are being asked to provide personal information 
about themselves as a price of entry to these attractive Web sites (Gellene, 
1996). CME is pressuring the Federal Trade Commission (FTC) to de- 
velop guidelines on Internet advertising to children comparable to guide- 
lines in place for commercial television. While it is possible that there 
will be some action to restrict the practice of companies’ collecting 
information directly from children online, the FTC is not expected to 
move to eliminate these child-oriented commercial sites completely 
(Branscum, 1996). Disney and other companies who target children and 
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families are not likely to abandon this opportunity to build brand loyalty 
in the affluent computer-literate segment of their market. Partnerships 
between corporate interests and children’s library services have occasion- 
ally generated controversy in the past, with segments of the profession 
objecting to the alignment of libraries with MacDonalds to promote 
children’s reading, for example. It is reasonable to expect that some 
libraries will feel uncomfortable about serving as a conduit for commer- 
cial messages on the Internet, however passive the library’s role might be. 
THE TECHNICAL FILTERINGRESPONSE: S o m m  
The Communications Decency Act is just one example of an initia- 
tive designed to limit children’s access to digital information. The devel- 
opment of a variety of blocking and filtering devices is another. Com-
mercial products such as SurfWatch block access to objectionable sites; 
Net Nanny monitors online interaction and pulls the plug when prohib- 
ited phrases such as “What’s your name?” appear (Quittner, 1995). While 
such software programs may reassure concerned or paranoid parents, 
intellectual freedom advocates feel that they violate the First Amendment 
responsibilities of libraries. In an interview reported in American Librur-
ies,Judith Krug, the executive director of ALA’s Office of Intellectual Free- 
dom, objected to the practice of libraries turning over parental responsi- 
bilities to a commercial vendor and expressed concern about the poten- 
tially useful information about sex that would be blocked (Goldberg, 
1995). Use of filtering software may not even provide the protection 
from liability that some schools and libraries are seeking. There is some 
speculation that, if an institution claims to be blocking access to inappro- 
priate sites through use of a filter, it may be legally responsible for any 
objectionable materials that minors do manage to find (Buchanan, 1996). 
The murky waters of cyberspace law leave this and many issues unresolved. 
In a far-ranging polemic about children’s rights in cyberspace, 
Jonathan Katz (1996), a contributing editor to Wired,criticizes some lead- 
ers within the online community for advocating the use of blocking soft- 
ware for children. He feels that some people are selling kids out in order 
to divert attacks away from their own online liberties. His defense of 
children’s access to online information is based on a vision of the respon- 
sible child, one who works well in school, has demonstrated that he or 
she does not intend to hurt others, carries a reasonable share of work at 
home, and avoids drugs, alcohol, and cigarettes. Such children have 
earned the right to be respected, Katz argues, along with the related rights 
to help redefine education, literacy, and civics for their generation; to 
have unrestricted access to their culture; to assemble online; and to have 
equal access to new technologies that deliver information, education, and 
culture, regardless of socioeconomic level (p. 166). The use of blocking 
devices such as software filters or V chips is an abuse of adult power and 
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the antithesis of trust and rational discourse between adults and children, 
he says. Katz worries that censorship and restrictions in one area-e.g., 
sex-will spread to other topics that adults want to limit, from politics to 
evolution. Even more seriously, he speculates: “Some children reared on 
this stuff will inevitably grow up thinking that the way to deal with topics 
we don’t like is to block them-remove them from our vision and con- 
sciousness” (p. 170). He also points out that the software won’t work; 
kids will figure out how to get around it. They would be better off if 
parents guided them personally into cyberspace, helping children un- 
derstand what is inappropriate or dangerous. The real world is some-
times pornographic and violent; children would be more protected if they 
learned how to deal with it in a rational and supervised way than if they 
were sheltered by the artificial limitations of filtering software. There is 
no filtering software on reality. While Katz makes an articulate, impas- 
sioned, and convincing plea for guaranteeing minors access to digital 
information, he is still basing his argument on a narrowly defined under- 
standing of a “responsible” child. Does this mean that irresponsible chil- 
dren who do not carry their weight with household chores or those who 
dabble with cigarettes should be denied intellectual freedom rights in 
cyberspace? Librarians are not accustomed to restricting rights to merely 
those individuals who prove that they are responsible; they guard the 
intellectual freedom rights of all people. 
INFORMATIONLITERACY: THEEDUCATIONALRESPONSE 
What Katz is actually advocating, of course, is that children be given 
the skills they need to survive in the digital age. In the library profession, 
we have begun to think about these skills as a package we call informa- 
tion literacy. School library media specialists have been among the fore- 
runners in understanding the need to move beyond their traditional li-
brary skills training to a more sophisticated and relevant training in in- 
formation literacy. Their credo is stated in Information Power: Guidelines 
for School Library Media Programs (ALA, 1988): “The mission of the library 
media program is to ensure that students and staff are effective users of 
ideas and information” (p. 1). The information-literate person has been 
more specifically defined as one who recognizes the need for informa- 
tion; recognizes that accurate and complete information is the basis for 
decision-making; formulates questions based on information needs; iden- 
tifies potential sources of information; develops successful search strate- 
gies; accesses sources of information, including computer-based technolo- 
gies; evaluates information; organizes information for practical applica- 
tions; integrates information into an existing body of knowledge; and 
uses information in critical thinking and problem-solving (Doyle, 1994). 
These abilities, closely related to critical thinking and problem-solving, 
have long been linked to the teaching of the research process in formal 
592 LIBRARY TRENDS/SPRING 1997 
education programs. There is a growing awareness, however, that the 
proliferation of digital information poses new challenges to the acquisi- 
tion of information literacy and, at the same time, makes these skills even 
more important. The vast unorganized digital resources available through 
the Internet make developing successful search strategies more problem- 
atical and evaluating the authority of the information found both more 
difficult and more important than in a traditional library with its care- 
fully chosen collection. 
It is likely that offering Internet access to library patrons will require 
that all public service librarians become educators, offering training in 
the effective use of digital resources. Whether this is done formally, in 
Internet classes, or informally, as a routine part of reference work, it may 
become a matter of policy that we ensure that our users have access to 
information literacy skills as well as to information resources. Some li- 
braries are already offering “drivers’ training” for the information super- 
highway. At Enoch Pratt Free Library, for example, at-risk youth ages 
nine to fourteen are given an eight-week training session that gives them 
the competence and the confidence to explore the Internet and the World 
Wide Web on their own (Mondowney, 1996). At a minimum, librarians 
may need to be certain that they are competent themselves to guide users 
to the complex world of digital information. 
THEDIGITALCHALLENGE COLLECTIONTO CONVENTIONA  
DEVELOPMENTPOLICY 
In addition to providing one-on-one reference assistance, librarians 
serving children have long relied on their collection development poli- 
cies to ensure that appropriate and needed information resources were 
available to their users. Collection development is still a mainstay in most 
graduate programs in library and information science, and standard texts 
for children’s library services devote considerable space to the topic. Jane 
Gardner Connor (1990) confidently asserts: “The materials collection is 
the heart of a library” (p. 15). She then goes on to give good advice on 
how to develop a collection that responds to the needs of the community 
and that provides an appropriate balance between quality and demand. 
Mae Benne (1991) notes that children’s collections have a somewhat dif- 
ferent emphasis from adult collections, being designed to promote read- 
ing as well as to provide reading. She writes: “If children’s librarians 
were asked to define the major purpose of their specialty, most if not all 
would emphasize the reading experience and the obligation to help chil- 
dren become readers of literature that can make a difference in their 
lives” (pp. 11415). 
Information Power (ALA, 1988) is more forthcoming in its acknowl- 
edgment of multiple formats and nonprint media as integral components 
of the materials collection but is no less compromising on selection crite- 
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ria. The authors note that the primary criterion for selection is the edu- 
cational suitability of the resource for its intended use. Other criteria 
include the intellectual content of the material, the philosophy and goals 
of the school district, and characteristics of the user (pp. 7475). How do 
school library media centers which adhere to these criteria make room 
for the Internet, with its many noneducational applications, the dubious 
authority of much of its intellectual content, and the lack of consider- 
ation for the age and experiences of its users? 
Adding the resources of the Internet to the materials already avail- 
able to children in a library throws most of the traditional assumptions 
about collection development into disarray. Internet resources are not 
evaluated in any way; they are not selected for their relevance to a par- 
ticular library’s users or for their quality or their accuracy. We all under- 
stand now that literally anyone can publish on the Internet. There is no 
assurance of editorial authority or even basic integrity. The promotion 
of reading is not a consideration for most Web sites. It is obvious that 
many materials are available on the Internet which no children’s librar- 
ian would consider for inclusion in their regular collections. Children’s 
librarians and library directors may wonder if they are abandoning a pro- 
fessional responsibility by allowing this anarchic flood of information into 
their libraries. 
The Internet in effect shifts the responsibility of collection develop- 
ment from the professional librarian to the individual user. World Wide 
Web surfers must sift through all available resources and make decisions 
about which ones are useful, interesting, or appealing. This can be em- 
powering; it can also be frustrating. Internet users, faced with a sea of 
information where they once encountered only a pond, may be more 
likely to “satisfice”-to make do with information which is easily avail- 
able-than to persist in a search for the best information. Some libraries 
are responding with programs of user education such as the one at Enoch 
Pratt Free Library and with the imposition of “acceptable use” policies. 
Schools are increasingly adopting acceptable use policies and tech- 
nological codes of conduct in an attempt to raise consciousness about the 
nonselective nature of information on the Internet and to protect them- 
selves from parental complaints and legal difficulties. These policies, 
often signed by both students and parents to indicate compliance, out- 
line the student’s responsibility to use the Internet in a prescribed man- 
ner. Both Flanders (1994) and Jacobson (1995) found and reported use- 
ful examples of such policies that are already in place. Such policies can 
be extended to cover fair use of copyrighted material as well, an area of 
increasing concern as students in constructivist learning environments 
with access to digitizers and scanners and electronic authoring tools are 
turned loose to devise their own learning materials (Becker, 1996). More 
public libraries may want to consider adopting similar policies which in 
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effect would license only those Internet users who agree to adhere to a 
set of acceptable use practices. At a bare minimum, public libraries may 
want to be sure that they make available to parents copies of the pam- 
phlet Child Safety on the Information Highway distributed free of charge by 
the National Center for Missing and Exploited Children (1994). 
EQUITYISSUES 
Some children are denied access to digital resources not because of 
national information policy or local censorship efforts but because of 
their socioeconomic status. Neither their families nor their schools and 
libraries have computers, CD-ROM drives, or modems. In spite of the 
exponential growth in telecommunication capabilities noted earlier, most 
American families still do not have domestic access to digital informa- 
tion. A survey conducted by the Electronic Industries Association for the 
Consumer Electronics Manufacturers Association revealed that, at the end 
of 1995, only 19 percent of all American households owned a computer 
with CD-ROM capability; only 16 percent had modems (Lohr, 1996, p. 
6). NetDay, an initiative to use private resources and volunteer labor to 
get the 13,000 schools in California connected to the Internet, showed a 
considerable disparity in the ability to generate volunteer resources as 
well as in the basic technological capacity of the schools. Affluent neigh- 
borhoods attracted many volunteers while help was scarce in poor areas 
(Harmon, 1996). 
This inequity in access to the information superhighway is, of course, 
the problem that ALA Goal 2000 was designed to solve. The ALA Goal 
2000 is “to have the American Library Association as closely associated 
with the public’s right to a free and open society-intellectual participa-
tion-as it is with the idea of intellectual freedom” (American Library 
Association, 1994). ALA is committing considerable resources to advanc- 
ing this cause, including the establishment of an Office for Information 
Technology Policy in Washington, DC, charged with promoting the de- 
velopment and utilization of electronic access as a means to ensure the 
public’s right to a free and open society (American Library Association, 
1996a). Betty Turock (1995), the 1995-1996 ALA president, made equity 
on the information superhighway the theme of her term in office and 
tried to get across the message that libraries are the logical social institu- 
tion to ensure equal access to electronic information. 
It remains to be seen how effective school and public libraries will be 
in facilitating equal access to digital resources. It is clear that they can 
help. Librarians can be advocates for computer access in poor communi- 
ties. It is better for children to have access to the Internet in their schools 
or public libraries than to have no access at all. 
The issue of equity has more dimensions than physical access to a 
computer, however. Pat Tarin (1995) points out that women and minori- 
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ties tend to benefit less from information technology than do white males 
because the information has less relevance for them. White men tend to 
be the ones who design the hardware and software and create the infor- 
mation resources themselves, usually reflecting their own interests and 
their own styles of information-seeking behavior. Librarians may find it 
necessary to alert teachers to the inequity of assignments which require 
students to use digital resources; they may also want to encourage the 
publication of more ethnically diverse materials in electronic format-as 
they have already done with print publishers. 
WEIGHINGTHE OUTCOMES 
After the issues relating to children’s access to digital information 
have been solved by wise policies and practices, it still remains to address 
the second policy criterion: does this policy benefit children? Will chil- 
dren be better served by the digital libraries than they are by traditional 
libraries? What are the potential outcomes for children and young people 
of the emergence of digital libraries? 
There are some warning signals that the immediate digital future 
may not be completely beneficial for children. Some studies have failed 
to show any significant value from the use of multimedia materials in 
elementary classroom settings (Large et al., 1995). There is still general 
agreement, after all, that children need to learn how to read, and that 
appealing, entertaining, informative, inspirational books are still an im- 
portant element in a child’s education. Even Nicholas Negroponte (1995), 
who claims that his own dyslexia has kept him from ever enjoying books, 
admits that digital formats have some limitations. Writing about the fail- 
ure of current interactive multimedia products to engage the imagina- 
tion, he adds: “By contrast, the written word sparks images and evokes 
metaphors that get much of their meaning from the reader’s imagina- 
tion and experiences. When you read a novel, much of the color, sound, 
and motion come from you” (p. 8). 
Multimedia and digital publishing, whether in stand-alone CD-ROMs 
or through networked environments, are still primitive. David Macaulay, 
whose book The Way Things Work has been transformed into an enor- 
mously successful CD-ROM, is skeptical about the publishing industry’s 
rush to transform print products into digital formats. When asked if he 
would recommend the print or the CD-ROM version of his book to a 
child, he chose the print version. He worries that the entertaining aspects 
of his CD-ROM-what he calls “the goofy stuff-may overwhelm the in- 
formational aspects (Olson, 1995). Other critics of current early child- 
hood multimedia software are Yasmin Kafai and Eliot Soloway (1994), 
two scholars who are associated with the development of appropriate com- 
puter applications for children. They are particularly dubious about the 
electronic books on the market today, finding them slow-paced and poorly 
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produced, with the narration sometimes out of synch with the text high- 
lighting and an overuse of gratuitous click-and-point animation. They 
are skeptical of the educational value of “edutainment” programs, such 
as the Carmen Sandiego series, which present decontextualized facts. The 
potential of multimedia is better met, they feel, in programs such as Kid 
Pix, where the power of the computer is harnessed to engage a child’s 
sense of play and where the child can use the computer as a tool for 
creativity. 
Yet some school administrators are so eager to join the digital pa- 
rade that they are investing heavily in technology to the detriment of 
print collections in libraries. In California, public school libraries are 
seriously underfunded; the average library has only thirteen books per 
student, compared to a national average of eighteen or more, and as 
many as 85 percent of those books are more than twenty years old. School 
library advocates in the state are noticing a disturbing trend; when lim- 
ited funds are made available to the library, the money is spent on tech- 
nology rather than books (Colvin, 1996). 
Digital libraries do offer some potentially exciting benefits for young 
people, of course. Gary Marchionini and Hermann Maurer (1995) paint 
a scenario of the digital future in which teachers and students have access 
to information resources and tools that have been both physically and 
conceptually inaccessible to them. They envision vicarious field trips and 
virtual guest speakers and opportunities for students to actively publish 
information where in the past they could only access it. 
The National Association for the Education of Young Children has 
cautiously moved to support the integration of computer technology in 
early childhood classrooms, as long as computers are used to supplement 
but not replace such traditional activities as blocks, sand, dramatic play, 
and books. They find that, when used appropriately, digital resources 
can enhance children’s cognitive and social abilities. In recognition of 
this finding, their position paper mandates that early childhood educa- 
tors promote equitable access to technology for all children and their 
families (National Association for the Education of Young Children, 
1996). 
Most claims for the value of electronic technology for children have 
centered not on information retrieval, the traditional library application, 
but on more constructivist activities in which children are actively en- 
gaged in creation, construction, and problem-solving through the com- 
puter. Seymour Papert (1993), one of the first gurus of children’s com- 
puting and the creator of LOGO, a programming language for children, 
calls the computer the children’s machine. He muses about its attraction 
for children, who have entered into a passionate and enduring love affair 
with the computer. He notes that many children see the computer as 
“theirs”; they understand that they are more comfortable with the ma- 
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chine than their parents and learn to use it more easily. “For the mo- 
ment,” he writes, “some of us old fogeys may somehow have acquired the 
special knowledge that makes one a master of the computer, but children 
know that it is a matter of time before they inherit the machines. They 
are the computer generation” (p. x). Papert expresses the hope that 
schools will .use computers to tailor learning to individual learning style 
but confesses to being discouraged by the “drill-and-kill” applications he 
sees being used in most classrooms. Yasmin Kafai (1993) echoes Papert’s 
conviction that children learn best when actually using the computer as a 
tool, designing computer games, for example, not just playing them. 
When they are in control, children’s understanding of both the com- 
puter and its applications grows. The implication for library youth ser- 
vices may be that we need to actively involve children in the creation of 
our Web pages and the design of catalog interfaces even as we provide 
them with access to digital information created by others. 
Some preliminary research on children’s information needs suggests 
that the most critical of their needs, those related to their own health and 
safety, are not easily met from traditional print sources. Children ages 
ten and older are more likely to seek information about personal mat- 
ters, for example, from their peers than from adults or books. What they 
receive, of course, is frequently misinformation (Walter, 1994). Perhaps 
libraries could engage young people in the creation of authoritative digi- 
tal information resources on topics of local interest-community infor-
mation for children, neighborhood maps, safe places for kids. 
It is difficult to see that children would benefit at this time from li- 
braries which offer only digital resources. In spite of the development of 
such multimedia products as Knowledge Adventure’s “Jump Start Tod- 
dlers,” Byron Preiss Multimedia’s “Baby Rom!” and Dorling Kindersley’s 
“P.B. Bear’s Birthday Party,” there is little that the digital world has to 
offer to the youngest library patrons that can compare with the delight 
and educational value of the best board books and picture books. The 
magic of story sparked by the immediacy of interpersonal communica- 
tion makes the traditional library story hour a service that is irreplace-
able digitally. Multimedia substitutes pale in comparison, although 
Microsoft has used the Association for Library Service to Children (ALSC) 
as a conduit for promoting their alternative vision of CD-ROM storytell- 
ing (Herb, 1995). 
Perhaps children’s libraries that see their vision as being primarily 
the provision of information will more readily move to an environment 
that is predominantly digital. Information does seem to move efficiently 
in bits, as Negroponte claims. Mae Benne is correct, however, that most 
library services for children are still grounded in a belief in the value of 
fiction reading, whether the fiction is the Goosebumps series or Newbery 
Award winners. This is a niche which children’s librarians have fought 
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hard to gain and which they will abandon reluctantly. For more libraries 
serving children in the foreseeable future, digital materials will probably 
be an addition to, not a replacement for, print materials. 
A CHILDREN’S LIBRARY NARRATIVEDIGITAL POLICY 
A new approach to policy analysis constructs policy narratives, sto- 
ries which illuminate and highlight the assumptions for decision making. 
Emery Roe (1994), one of the proponents of narrative policy analysis, 
argues that the traditional quantitative methods of assessing costs and 
benefits are not useful in making sense out of situations characterized by 
uncertainty, complexity, and polarization. He has applied his methods 
for narrative policy analysis most successfully in areas where technology 
is involved. The method involves first identifying the dominant policy 
narratives surrounding an issue, those stories that illuminate the domi- 
nant assumptions held by parties in the issue. These stories are analyzed 
using any of a number of techniques of literary analysis and, from this, a 
metanarrative is constructed (or deconstructed, to use the appropriate 
literary term) that recasts the policy issues in a way that makes them ame- 
nable for decision making. Roe points out that, in highly polarized situ- 
ations, the metanarrative turns the polarization and conflict into another 
story entirely and may suggest a policy direction where no consensus or 
common ground was possible (p. 4). 
It is tempting to try to construct a metanarrative out of the stories 
surrounding children and digital libraries. One strand of narrative surely 
revolves around the efforts of crusading adults determined to protect in- 
nocent children from being ravished by cyberpornographers. Another 
story features the equally innocent child being seduced by digital huck- 
sters, hawking their wares under the guise of harmless online play. There 
is a whole story cycle about the junior technogeek, surfing the net with 
ease if not grace, master of HTML and URL, the kid who will hack her 
way into the library’s automated circulation system and erase her fines. 
There are earnest story lines about the worker of the future, diligently 
acquiring the job skills he or she will need to be competitive in the twenty- 
first century or the young digital scholar, online with the world, acquir- 
ing educational resources from astronauts in space and pen pals in Rus- 
sia, the joyful occupant of a virtual classroom or library in a school with- 
out walls. There are cautionary tales about unlicensed drivers on the 
information superhighway. 
The differences in these stories lie in their varying construction of 
the image of the child; they converge only in their placing the child at 
the center of the story. A metanarrative might bring the computer into 
the story as an additional character. Sherry Turkel (1995) has been study- 
ing the effect of computers on our sense of self, on our identities. Her 
studies on children’s understanding about the nature of computers in 
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the late 1970s and early 1980sshowed that children were unclear about 
whether computers were alive or not. This ambiguity was not triggered 
by the fact that the computer exhibited motion, which is the usual source 
of young children’s confusion about what is alive, but because the com- 
puter seemed to respond to them. Computers were able to communicate 
with them, carrying on virtual conversations. These machines seemed to 
have gifts of speech and reason. Children wondered if the computers 
“knew” things, whether they could cheat at games. Because the children 
couldn’t see inside the machine, its inner workings were opaque. With 
no evident batteries to ascribe its functions to, children could only as- 
sume that the computer was alive. 
More recent research with children who have grown up with more 
experience with even more sophisticated computers indicates that con- 
temporary children do understand the boundary between people and 
computers. They understand that the computer is not alive. However, it 
does seem to have psychological properties. Children apparently regard 
the computer now as a new phenomenon-a machine with a personal- 
ity-and they have personal relationships with these likable machines. 
Our policy metanarrative might take this personal relationship into 
account and try to define what kind of relationships we would like chil- 
dren to have with computers, those conveyors of digital information re- 
sources. As librarians with a tradition of intellectual freedom, we would 
seek an open and unguarded relationship between children and comput- 
ers but one built on mutual trust and respect. We would hope that the 
relationship is not an exclusive one, restricting or eliminating relation- 
ships with other media. In our policy narrative, children and computers 
would speak the same language and teach each other new skills and tell 
each other new stories. In our story, adults would be present to pick the 
children up when they fall and help to fix the computer when it breaks. 
Adults would be minor characters, however; the children and their ma- 
chines would take center stage. Our story is likely to be episodic, pro- 
ceeding in fits and starts to no determinable end. It is not a fairy tale, 
ending with a “happily ever after”; it more nearly resembles one of the 
interactive “choose your own adventure” tales. 
The policy narrative about children and digital libraries is being told 
right now. Whatever the outcome, it is probable that it will be more 
beneficial to children if children’s librarians, traditional storytellers that 
we are, participate in the telling. The “shared vision” that dominates at 
this time does not include the interests of children; at the very least, we 
can include them in the story. 
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From Paper and Ink to CD-ROM: Digitizing the 
World Book Image 
ROBERTJ.JANUS 
ABSTRACT 
THISARTICLE DESCRIBES THE PROCESS by which the print version of The World 
Book Encyclopedia was initially converted to electronic form and then en- 
hanced over several subsequent editions. The process involves much more 
than just the digitization of text and graphic elements and the ultimate 
addition of nonprint resources. Creating an electronic version of the 
encyclopedia meant capturing the image World Book had established as a 
unique reference work. The article discusses some of the major issues 
designers faced during the conversion process. It describes how the de- 
signers applied a combination of World Book tradition and technology to 
resolve such issues. 
INTRODUCTION 
The World Book Encyclopedia is a general reference set whose objective 
is to present selected information from the vast reservoir of knowledge in 
the most accessible and usable form. The editors design World Book ar-
ticles especially to meet the reference and study needs of students in el- 
ementary school, junior high school, and high school. World Book also 
serves as a general family reference tool. Librarians, teachers, and the 
general public likewise turn to World Book to satisfy their everyday refer- 
ence needs. 
By the time digital technology began to change the very nature of 
the publishing industry, The World Book Encyclopedia had appeared in more 
than seventy editions. First published in eight volumes in 1917, World 
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Book bore the subtitle “Organized Knowledge in Story and Picture.” At a 
time when supplementary learning materials were either hard to come 
by or largely arcane, World Book introduced a new concept: reference learn- 
ing that emphasized interesting content, simple language, and many in- 
formative pictures. 
The technology benchmark for the era in which World Book was born 
is evident in the list of the encyclopedia’s entries. For example, there 
appeared in Volume 1the entry, “Aeroplane. See Flying Machine.” The 
“Flying Machine” article, in turn, conveyed another benchmark-a bench-
mark on the attitude toward technology. In an introductory section on 
“Faith and Unbelief‘ it reported: 
It is a matter of record that when Wilbur and Orville Wright, the 
brothers who in 1903 made the first successful flier, announced to 
their family their intention to build a heavy machine which would 
fly in the air, their father took immediate steps to discourage so fool-
ish an idea. He wrote to a professor in a great university, outlining 
the “crazy proposition” and asking him whether he believed it could 
be done. This professor in his reply declared a man-made flier to be 
a physical impossibility, and Mr. Wright handed the letter to his sons 
with the remark, “I told you so.” 
The World Book Encyclopedia gradually grew from its original eight vol- 
umes in 1917 to twenty volumes in 1960. It reached its present count of 
twenty-two volumes in 1971 when the publisher added an index com- 
piled with the aid of a computer-based information retrieval system. 
During that long period of development, the editors had begun a 
system of continuous revision in which they updated articles throughout 
the set on an annual basis. As early as 1936, the editorial and research 
staffs had begun to compile and analyze contents of courses of study and 
to base content and readability decisions on such analyses. In 1955, World 
Book initiated its “classroom research” program. In this program, stu- 
dents in several hundred classrooms in the United States and Canada 
report on how they use the encyclopedia: what they look up, where they 
look for it, and whether they find what they look for. Every year, World 
Book researchers receive over 100,000 such bits of information and com- 
pile reports that show how many times each article in the encyclopedia is 
looked up at every grade level from elementary school through senior 
high. Editors use the classroom research data along with the courses of 
study data to keep tabs on what young people need to know and want to 
know. Grade-level data gathered in these research projects help the edi- 
tors tailor vocabulary in a given article to the grades at which that article 
is most needed and most used. 
As World Book grew and developed, it continued to employ emerging 
print and illustration technologies to improve the effectiveness of its re- 
sources. In 1960, World Book incorporated its first Trans-Visions in the 
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articles on the “Frog” and the “Human Body.” By turning those acetate 
pages, printed in full color, readers peeled away layer after anatomical 
layer to reveal ever increasing detail. In 1961, World Book became the first 
encyclopedia published in braille. In 1980, it became the first encyclope- 
dia reproduced as a voice recording. This recorded edition included 
audio cassette tapes of the encyclopedia, a special audio cassette player, 
and indexes reproduced in braille and large type. 
When digital technology came of age, World Book faced the prospect 
of interpreting and adopting the new technology in a manner consistent 
with the image the encyclopedia had developed over the preceding sev- 
enty years. Alternately, the prospect could be considered one of reinter- 
preting the World Book image in the light of capabilities provided by the 
new technology. For example, digitizing the text would capture the care- 
fully structured and tightly edited articles already designed to make infor- 
mation easy to find in print. But the book metaphor does not always 
succeed on a computer screen. What could World Book do to endow its 
digital incarnation with preeminent search capabilities made available by 
the new technology? 
Even more fundamentally, for what medium should the digital ver- 
sion of the encyclopedia be designed to provide the greatest access for its 
users? At the time, CD-ROM had not yet achieved its position of superi- 
ority over other delivery systems. What minimum computer requirements 
would make the digital version most accessible? Should the software “push 
the envelope” and require the latest in computer memory, disk space, 
and screen resolution? Or should the program be designed for the more 
modestly configured computer systems that were then available in many 
schools and libraries? How important would it be to have a network ver- 
sion? 
This article describes some of the steps taken to resolve the issues 
listed above for the first several releases of the digital World Book Encyclope-
dia. These editions consist of: 
1990 Information Finder-text only; DOS stand-alone and network 
versions; still available. 
1994 Illustrated Information Finder--pictures and maps added; Win- 
dows and Macintosh, stand-alone and network versions. 
1995/96 The World Book Multimedia Encyclopedia-sounds, animations, 
and videos added; Windows and Macintosh, stand-alone and 
network versions. 
1997 	 The World Book Multimedia Encyclopedia-developed jointly 
with IBM; virtual reality segments, interactive simulations, 
new videos and animations, and online components added; 
operates with two disks; a work in progress at the time of this 
writing. 
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OVERALL AND INTERFACEDESIGN 
World Book chose to make its first release-Information Finder-a text-
only, DOSbased operating system on CD-ROM, available in both stand- 
alone and network versions. System specifications were pegged at a mod- 
est level consistent with the capabilities of computer systems in many 
schools and libraries. 
Always noted for its ease of use, World Book took great care in design- 
ing the user interface. The basic uncluttered screen displays the outline 
of an article and the text of the article side-by-side. This parallel display 
evolved naturally from a long-standing tradition in the print set: the pre- 
sentation of an outline had been a standard part of the study aids at- 
tached to major articles since the first edition in 1917. Rendered digi- 
tally, the presentation assumed and conveyed new power. Looking at the 
outline, the user sees at a glance the contents of the article. Moreover, 
because the outline is linked with the text, scrolling the outline or click- 
ing on a heading takes the user to the corresponding place in the text. 
Always present in Infomation Finder’s basic display is a box for enter- 
ing a search term. All the user has to do is to start typing, and the key- 
strokes appear in this box. Special keystrokes or mouse clicks allow the 
user to access the various functions, including the dictionary, related top- 
ics, bookmark, and notepad. The original DOS release was controlled by 
keystrokes. Mouse capability was added in a subsequent release. Many 
schools and libraries, particularly those operating a local area network, 
still use Information Finder with an annually updated database. 
DATAPREPARATION 
It was decided without debate that Information Finder would include 
all the text of The World Book Encyclopedia. The text had been digitized 
several years earlier as a development in the print production process. 
The annual updating operation produced changes in the digital data- 
base, which was then used to photocompose revised pages for the print 
edition. However, although the print database was in digital form, it was 
not thereby automatically suited for incorporation in a completely elec- 
tronic version of the encyclopedia. 
When the database was first digitized, it was put into a special format, 
with codes that identified article titles, various heading levels, cross-refer- 
ences, extract copy, and the like. In all, the database used over 400 codes, 
but more than 300 of them had meaning only for the page composition 
process. These codes had to be stripped from the database, leaving only 
the ninety or so required for electronic display and retrieval. 
Database specialists also had to clean up numerous other peculiari- 
ties that had not bothered the photocomposition process but could stall 
or even crash an electronic retrieval system. For example, consider such 
a basic language unit as the sentence. As will be shown later, the sentence 
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is an important unit in the operation of an electronic retrieval system. 
One might expect that at least the end of a sentence would be easily iden- 
tifiable by virtue of the period. But a database has many periods-e.g., in 
abbreviations and as decimal points-that do not designate the end of a 
sentence. The end of a sentence in fact is defined by a period and two 
spaces. Although most of the sentences in the print database ended in 
this fashion, many did not because the photocomposition system oper- 
ated just as well without the extra space. Finding and correcting those 
faulty endings became an important task in converting the print database 
to what was called Retrieval Data Base (RDB) format. 
In the RDB, a unique six-digit number identifies each article title. 
These numbers, called MTL numbers (Master Title List numbers) have 
been in use for many years for managing production in the editorial and 
prepress departments. Their precise function is to determine, by means 
of their numerical sequence, the alphabetical order in which titles should 
appear. World Book needs such an alphabetizing device because its pre- 
ferred word-by-word order does not match the letter-by-letter system used 
by computers. MTL numbers took on new importance in the RDB-i.e., 
they established links between articles and their tables, cross-references, 
and other resources. 
Tables presented a formidable formatting task. Information Finder 
would include over 1,700 tables, almost every table in the print set. Only 
a few specialized tables could not be formatted for the computer screen. 
World Book tables fall into several general types: some have many columns 
with numbers or text, others have only one column consisting of sen- 
tences or paragraphs of information. Database specialists created pro- 
grams that processed each group of tables. The programs reformatted 
each table so that it could be displayed to best advantage on the screen, 
and so that its content would be accessible via the search system. The 
programs were largely automatic, but they required critical input from a 
human operator. 
DOS technology imposed a limitation on displaying text: the type 
fonts available in DOS did not include the specialized characters that 
appeared in some World Book articles. In such cases, an editor deleted the 
special character and “wrote around” it. This occurred, for example, in 
the article on “Shorthand” and in some mathematics articles, and repre- 
sents the only instances in which Information Finder does not contain the 
full text of The World Book Encyclopedia. 
Having been put into RDB format, the text components could be 
displayed properly and also searched. While the RDB formatting opera- 
tion was in process, the search engine was being designed and built. 
INSEARCH ENGINEOF A SEARCH 
The discussion of the search capabilities of Infomation Finder in the 
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next sections also applies to all subsequent versions of the digital World 
Book, which utilize the same search systems. 
The basic Information Finder interface made it easy for the user to 
enter a search term by always displaying the search-term entry box. The 
key issue for World Book‘s designers was what happens after the user types 
a search term. To some developers, the solution would be a “no brainer.” 
Digital technology, after all, brings with it its own set of tools, among 
them standard tools for searching a database. To be sure, Information 
Finder would employ Boolean searching. But not one off-the-shelf search 
system worked fast enough to meet the stringent response-time require- 
ment set by the designers. The designers therefore developed World Book‘s 
own search engine. This engine incorporates specially developed data 
handling routines that make it the fastest search system available in a CD-
ROM encyclopedia. 
But Boolean-or what World Book calls “keyword”-searching is only 
half a solution. An encyclopedia also needs topic searching. The typical 
result of a topic search is a list of encyclopedia article titles that are asso- 
ciated with the search term. If the results list is lengthy, the user-par- 
ticularly a young student-may have difficulty determining which of the 
titles has the information being sought. On the other hand, the list might 
be too short-or it might even be blank-because the user did not key an 
appropriate search term. World Book designers adjudged such a result not 
acceptable, and they set about developing a unique topic search system. 
Once more, they solved the problem with a blend of tradition and new 
technology. The World Book index, volume 22 of the print set, provided 
the traditional component. 
The World Book index, consisting of more than 150,000 entries pre- 
pared by professional indexers, provides a guide to topics discussed in 
various places under different titles throughout the encyclopedia. The 
designers of Information Finder hit upon the idea of making the index the 
basis of a topic search engine. For example, when the user searches for 
“Environmental pollution,” the engine consults the index and then takes 
the user directly to the “Environmental pollution” article. A keypress or 
mouse click then displays more than thirty related article titles, including 
such topics as “Pesticide,” “Recycling,” “Sanitation,” and “Waste disposal.” 
The user can select any or all of these additional hits, assured of their 
pertinence because a human intelligence has already associated each of 
these topics with the search term during the indexing process. 
INFORMATIONTHEN LISTSF RST 
In Information Finder, both keyword and topic searching take the user 
directly to the article with the highest probability of containing the sought- 
for information. The user can always elect to see the results list and to 
choose other items from it. In this regard, World Book differs from other 
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reference works that present not an article but a list from which the user 
must make a selection. World Book thus operates on the bold assumption 
that it knows what the reader is looking for. 
For example, suppose a student types the search term “elephant” 
and chooses keyword searching. The keyword search engine takes the 
user to the “Elephant” article, in which the word “elephant” is used eighty- 
seven times. The “Elephant” article happens to be the first article in a list 
of sixty-two. The designers chose to take the user directly to the first 
article in the list because they expect that the user would choose that 
article first if presented with the list rather than the article. The user may 
indeed consult the list and choose from among the sixty-one other ar- 
ticles in which “elephant” appears. Table 1shows the first few and other 
sample items from the results list. 
Table 1. Results of keyword search for “elephant” (abbreviated) 
Titles # Hits 
Elephant 87 
Seal [sea animal] 7 
Animal 6 
Elephant bird 5 
Circus 4 
Butler, Samuel [1612-1680...I 1 
... ... 
Cuvier, Baron 1 
Two articles in Table 1 help illustrate the difference between key- 
word searching and topic searching: the article on the French naturalist 
Baron Cuvier states that he studied the rhinoceros and the elephant; the 
article on the English poet and satirist Samuel Butler (1613-1680)alludes 
to his work “The Elephant in the Moon.” 
Suppose the user now repeats the search but chooses topic search- 
ing. Table 2 shows the topic-search results list. The topic-search engine 
takes the user to the “Elephant” article because (1)Elephant [animal] is 
the first topic in the alphabetical index (left-hand column of the list, un- 
der Topics), and (2) because the “Elephant” article (right-hand column 
under Article Titles) occupies the first position in the title list by virtue of 
being placed there by an indexer. 
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Table 2. Results of topic search for “elephant” (abbreviated) 
Titles associated with the topic “Elephant [animal]” 
Topics 

Elephant [animal] 

Elephant, Order of the [award] 
Elephant seal [sea animal] 
Elephant Butte Dam [Rio 
Grande, New Mexico] 
Elephant graveyards 
Elephant man’s disease 
Elephant trunk snake 
... 
“Elephant in the Moon, The” 
[story by Butler] 
Article Titles 
Elephant 

Animal (table: Names of Animals 

and Their Young) 

Circus (At the Circus) 

Ear (The ears of Animals) 

Heart (Birds and Mammals) 

Ivory 

Mastodon 

Table 3. Results of topic search for “elephant” (abbreviated) 

Titles associated with the topic “Elephant Butte Dam” 

Topics 
Elephant [animal] 

Elephant, Order of the [award] 

Elephant seal [sea animal] 

Elephant Butte Dam [Rio 

Grande, New Mexico] 
Elephant graveyards 
Elephant man’s disease 
Elephant trunk snake 
... 
”Elephant in the Moon, The” 
[story by Butler] 
Article Titles 
Elephant Butte Dam 
Rio Grande (Upper Course) 
Rio Grande Project 
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The list of topics in the left-hand column of Table 2 shows how effec- 
tive topic searching can be in locating significant information within a 
topic. Because an indexer had deemed Butler’s book indexable, that 
book appears in the topic-search results. Cuvier’s study of elephants, on 
the other hand, was not indexed and so it does not appear in the topic- 
search results. 
Note that the article titles shown in the right-hand column are those 
associated with the highlighted topic “Elephant” [animal] in the left-hand 
column. If the user were to highlight the fourth topic in the left-hand 
column-”Elephant Butte Dam”-the table would appear with appropri- 
ate titles in the right-hand column as shown in Table 3.  
World Book‘s testing showed that topic searching often provided the 
youngest users of the software with the most direct answers to their ques- 
tions, and so the designers made it the default search mode. Designers 
even programmed the search engine to find “elephant” when the user 
typed “elephants.” 
SERIOUSRESEARCH 
That is not to say that serious Boolean searching was neglected. Far 
from it. The specially designed keyword engine was equipped to handle 
and, or, and not Boolean operators; allowed the user to set the proximity 
for Boolean searches to word, sentence, paragraph, heading; and article lev-
els; and included wild-card capabilities. 
One World Book representative liked to illustrate wild-card searching 
by performing a search on the term “murder*.” The program responded 
to the asterisk in the search term by asking which terms beginning with 
“murder” were to be included. The demonstrator selected “murder,” 
“murdered,” “murderers,” “murdering,” “murderous,” and “murders,” but 
before launching the search, challenged those viewing the demonstra- 
tion to guess what article would include the most mentions of those terms. 
No one ever got the correct answer-Shakespeare, William-but every-
one understood that result after realizing that the “Shakespeare” article 
presents synopses of his plays. The “murder*” terms are mentioned nine- 
teen times in the “Shakespeare” article, six more times than in the “Crime” 
article. 
Other World Book representatives delighted in demonstrating how 
quicklyInformation Finder responded with an answer to the question “Who 
was the first woman senator?” The demonstrator typed “first & woman & 
senator” and the software quickly responded by displaying a portion of 
the history section of the “Georgia” article: 
In 1922, Rebecca L. Felton became the first woman U.S. senator. 
She was appointed by Governor Thomas W. Hardwick after Senator 
Thomas E. Watson died. Felton served only one day while Congress 
was in session. Walter F. George, who had been elected to complete 
Watson’s term, took her place. 
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The demonstration didn’t stop there. The demonstrator pointed 
out that the computer interprets “&” as “and” with the default proximity 
“sentence” (which can also be written “&s”).The results of the search 
therefore included the single instance in the encyclopedia in which the 
terms “first” and “woman” and “senator” occurred in the same sentence. 
The demonstrator then modified the search term, setting the proximity 
to “paragraph” by typing “first &p woman &p senator,” and launched the 
search again. 
Once more, the program responded quickly, but this time the results 
were different: the article displayed on the screen was “Smith, Margaret 
Chase,” who was the first woman to be elected to both houses of the U.S. 
Congress. The article on Rebecca Felton (the single result of the “sen- 
tence” search) also appeared in the results, along with two other articles: 
“Arkansas” and “Kassebaum, Nancy Landon.” The “Arkansas” article said: 
In 1932,an Arkansas woman, Hattie Caraway, became the first woman 
elected to the United States Senate. She won a special election held 
shortly after the death of her husband, U.S. Senator Thaddeus Cara- 
way. 
The “Kassebaum” article said: 
Kassebaum ...was the first woman elected to a full term in the United 
States Senate who did not succeed her husband in either the Senate 
or  the House of Representatives. 
Boolean searching had now led to four women senators who had 
some claim to being “first.” Were there more? One more step could be 
taken to find out. A close look at the “Smith, Margaret Chase” article 
shows that her inclusion in the search result was serendipitous: the article 
states that “she became one of the first senators to oppose tactics used by 
Wisconsin Senator Joseph R. McCarthy,” but otherwise it does not refer 
to her being first and being a senator in the sense intended by the search 
term. The article does, however, refer to her being first and being elected 
to the U.S. Senate. That’s the clue: senate, not necessarily senator. World 
Book’s wild card capability provides the final tweak to the search term. 
The demonstrator types “first &p woman &p senat*” and launches 
the search. The software responds by asking the demonstrator to choose 
from among all the words in the database beginning with the characters 
“senat”: “senate,” “senates,” “senator,” “senatorial,” “senators.” The dem- 
onstrator selects all of them. The program fetches this article: 
Caraway,...Hattie Ophelia Wyatt, ...was the first woman elected to the 
United States Senate. Caraway, a Democrat, was also the first woman 
to head a Senate committee. In 1943, she became the first woman 
to preside over a Senate session. 
One of the previous searches had already found information on Hattie 
Caraway in the article on Arkansas. The latest search finds it again, this 
time in the article on Caraway and with added information as a bonus. 
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The new results list also includes all the previous hits and adds three 
more. One of those three additional results is a repeat of the Margaret 
Chase Smith information, this time found in the article on Maine. The 
other two results consist of paragraphs in which a “senat”” term appears 
with the terms “first” and “woman” but is not related to them. That last 
search, then, did not add any new members to the group of first woman 
senators, but it did provide additional information, and it remains the 
best of the three ways to query the database. A researcher might tabulate 
the results as shown in Table 4. 
Table 4. Tabulated results of search for “first &p woman &p senat*” 
Individual Notability 
~ 
Felton, Rebecca L. First woman to serve in the U.S. 
Senate (appointed 1922; served 1 
day) 
Caraway, Hattie Ophelia Wyatt First woman elected to U.S. Senate 
(1982, succeeding her husband); 
first woman to head a Senate 
committee; first woman to preside 
over a Senate session. 
Smith, Margaret Chase First woman to be elected to both 
houses of the US .  Congress 
(replaced her husband in U.S. 
House, 1940; subsequently elected 
to US.  House; elected to U.S. 
Senate, 1948) 
Kassebaum, Nancy Landon First woman to serve a full term in 
the US. Senate who did not 
succeed her husband ... (elected 
1978) 
~ 
An important point to be made is that Boolean searching is only as 
good as the database it operates on. In this regard, the digital Infomation 
Finder had the comprehensive text of The World Book Encyclopedia at its 
disposal and could provide the rich results tabulated above. 
The Boolean-search story has an interesting natural-language sidebar. 
When Information Finder’s designers created the search system, they devel- 
oped the following protocol-default search mode would be topic search. 
If the user’s search term was not found in topic search, the program would 
ask the user if the search should be “broadened,” meaning should it be 
conducted in keyword mode. If the user said “Yes” but the term could 
not be found in keyword mode, the program would look for the term in 
the dictionary and display the result. 
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Let’s say a user who knows nothing about Boolean searching begins 
in topic search and types “who was the first woman senator.” The pro- 
gram responds “No topics found- Broaden search?” The user chooses 
“Broaden search.” The program then eliminates the nonessential words 
(“who,” “was,” “the”) from the user’s search term, links the essential words 
(“first,” “woman,” “senator”) with “&s” to form the search term “first &s 
woman &s senator.” The program launches and completes the search 
and displays the “Rebecca Felton” article. What has happened is that the 
program has provided an answer to a question typed in natural language. 
The digital version of The World Book Encyclopedia from its inception 
as Information Finder thus has had the capability of processing questions 
in natural language. On the one hand, as can be seen from the examples 
that appear in the research tabulation above, the results achieved from 
the natural language inquiry (one hit) may not be as complete as the 
results from a carefully crafted Boolean search term (four hits). On the 
other hand, the results may be far too extensive. 
For example, suppose the user types “why is the sky blue” in topic 
search and elects to broaden search when no results are found. The 
program will list hits in twenty-three articles. However, only five of those 
hits actually deal with why the sky is blue. The others all involve some 
combination of the words “sky” and “blue” unrelated to the question be- 
ing asked. The user, and especially a young user, would have difficulty 
discerning which of the twenty-three hits would be most likely to answer 
the question. The latent natural-language capability simply did not pro- 
duce results that were good enough by World Book standards. As a result, 
World Book has never touted it. 
SEARCHING TA~LESAND VIEWING 
Information Finder, like its print parent, is rich in tabular material, 
containing over 1,700 tables. The tables in the Illinois article illustrate 
the kinds of tabular material presented in all the states of the United 
States and the provinces of Canada: 
Illinois in Brief 

Interesting facts about Illinois 

Universities and Colleges 

Places to Visit 

Annual Events 

Average Monthly Weather 

Economic Production 

Many other types of tables present valuable information throughout 
the database. World Book’s designers knew that this information had to be 
accessible to topic and keyword searching. 
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Topic searching was not a problem: once the topic search engine 
had been developed, terms could be found by topic searching as long as 
they had been indexed. Thus, a topic search for “Cahokia Mounds” takes 
the user to the “Places to Visit” table in the “Illinois” article, and search- 
ing for “Thomas Carlin” locates his entry in the “Governors” table. 
Keyword searching also was easy for non-Boolean searches. For ex- 
ample, the keyword search engine had no trouble finding “Cahokia 
Mounds” and “Thomas Carlin” in their respective tables in the “Illinois” 
article. But suppose the user wanted to know what the weather was like in 
Cairo, Illinois, in April. The search term would be “weather & Cairo & 
illinois & april.” But “&” stands for “and” with the proximity “sentence,” 
and the “Average Monthly Weather” table does not have any sentences, 
just names and numbers in columns. 
This time World Book‘s unique solution lay in instructing the search 
engine to consider the elements of a table as parts of a sentence. The 
elements include all the titles, subtitles, column heads, and column en- 
tries (except for perishable numerical data). Launching the search for 
“weather 8c Cairo & illinois & april” then takes the user to the portion of 
the “Weather” table in the “Illinois” article, shown in Table 5. 
Table 5. Results of search for “weather & Cairo & illinois & april” 
AVERAGE MONTHLY WEATHER (in Illinois) 
_______~ 
Month High Low High Low Days of 
Temp. Temp. Temp. Temp. Rain or 
@) ( F )  (C.) (C.1 Snow 
Cairo 
March 58 40 14 4 12 
April 69 51 21 11 12 
May 78 59 26 15 12 
June 87 68 31 20 10 
July 91 72 33 22 9 
August 89 70 32 21 7 
September 82 64 28 18 8 
October 72 52 22 11 7 
November 57 40 14 4 9 
December 47 32 8 0 9 
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Another problem had to do with some tables’ sheer horizontal ex- 
panse. The table of Presidents of the United States, for example, has data 
on forty-two presidents in thirteen columns that spread out over two pages 
in the print version of the encyclopedia. By World Book standards, display- 
ing such a table on a computer screen presents special problems. In 
scrolling the table vertically, the user must not lose sight of the column 
heads or else the data in the columns will lose their meaning. Similarly, 
in scrolling horizontally, the user should not lose sight of the President’s 
name in the left-hand “master” column. World Book designers therefore 
developed a unique display routine that keeps column heads in place 
during vertical scrolling and keeps “master” column entries in place dur- 
ing horizontal scrolling. 
TESTING, TESTING,. . . 
After making many choices and compromises, Information Finder’s 
designers approached the moment of truth-actually not a moment but 
a full year-when their creation would actually be put to use by real people, 
both students and teachers. In fall 1988,the designers set up fifteen cen- 
ters in schools across the United States to test the product. Special soft- 
ware tracked every search performed in the testing centers. Designers 
followed up with personal interviews. What do you think of the inter- 
face? Did you like the way text and outline worked together side by side? 
How well did topic searching work? Did searching work fast enough? 
Was the dictionary easy to use? And on and on. 
Data collected during testing guided the designers in putting the fin- 
ishing touches on Information Finder. The speed and accuracy of search- 
ing remained a key concern. One of the test results involved the “Michi- 
gan factor.” This had to do with a search protocol designers had built 
into topic search. The protocol established a priority for the names of 
people so that if a user typed “Lincoln” the topic search result would be a 
display of the “Lincoln, Abraham” article and not the “Lincoln [Ne- 
braska]” article. In general, if the user typed a single term and that term 
appeared in the index followed by a comma and a first name, the proto- 
col would give all such hits precedence. The protocol was meant to help 
young users who might not know the full name of the person they wanted 
to know about. 
During testing, students at a center in Michigan frequently typed the 
topic-search term “Michigan” because they wanted information about their 
state. The first result displayed on the screen was “Michigan, University 
of.” In the index, the term “Michigan” was followed by a comma fol- 
lowed by what the computer thought was a first name. “Michigan, Uni- 
versity of” looked like a person and, according to the protocol, that title 
jumped to first position in the results list. And so was born an adjustment 
to the protocol called “exact match override.” In this adjustment, a select 
616 LIBRARY TRENDS/SPRING 1997 
group of nonpersonal search terms-such as Michigan-were electroni-
cally tagged so that they would override the people-first hierarchy. With 
the tag set, a user who types “Michigan” goes to the “Michigan” article 
and not to “Michigan, University of.” 
Other test data confirmed that some peculiarities of usage could only 
be partially assisted. In topic search, people often type a plural search 
term when the target is singular (for example, “elephants” vs. “elephant”) 
or a singular search term when the target is plural (for example, “Slav” 
vs. “Slavs”). The best the software can do is first to look for the term 
exactly as typed, and if it can’t be found in the index to change it from 
singular to plural (or plural to singular as the case may be) and look 
again. “Elephants” will take the user to “elephant” because “elephants” is 
not found in the index and “Slav” will take the user to “Slavs” because“S1av” 
is not found in the index. But the term “seasons” is found in the index 
and so the program will take the user to the section in the “Haydn, Jo-
seph” article that talks about his composition The Seasons. The article on 
“Season” does appear later in the results list. 
ILLUSTRATFB FINDERINFORMATION 
As soon as Information Finder was launched, many schools began re- 
questing a Macintosh version. In addition, competitive pressure mounted 
for a version with pictures, if not full multimedia. The time came to 
deliver a Macintosh version and also to take advantage of Macintosh’s 
indigenous graphics-handling power by including pictures and maps. That 
meant that a corresponding Windows version had to be created to enable 
graphics to be displayed on IBM-compatible computers. This amounted 
to a major development task to be completed in a short time. The inter- 
face had to be redesigned to accommodate access to the new graphic 
resources. Many decisions had to be made. How many pictures? Which 
ones? How big would they be? How sharp should they be? How many 
maps? Which ones? How detailed should they be? Each answer had a 
dollar sign in front of it. And each answer claimed its own bit of “real 
estate” on the CD-ROM. 
Some things would not change: the product would continue to use 
the text of The World Book Encyclopedia, and it would continue to use Infor-
mation Finder’s topic search and keyword search. The interface would 
still display the outline and text side-by-side, but icons for the graphic 
resources would be placed in the outline for easy access to those resources. 
The text components-captions and labels-of the new graphics would 
have to be put into proper format. Of course, every caption would be 
accessible to keyword searching. The World Book extra was that every 
label on every diagram and every label on every map would also be search- 
able. This was not something available in other CD-ROM encyclopedias. 
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In order for a label to be searchable, the computer has to know where 
it is within the boundaries of the image. If the computer doesn’t know 
where the label is, it can’t highlight it, and the user can’t see the hit. 
World Book designers had to create an electronic tool that enabled a per- 
son working at a computer to capture the x,y coordinates of a label and 
then associate that position with the appropriate label selected from a 
list. And then someone had to use that tool on every label on every 
diagram and on every map. 
Choosing the pictures meant first selecting almost all of the teaching 
illustrations that had been prepared over the years for the print set. World 
Book owns these pictures and could incorporate them freely and permit 
them to be printed from the CD-ROM. Pictures not owned by World Book 
had to be selected more carefully. New license fees would have to be 
paid. For the most part, the right to print such pictures was not available. 
Designers chose to display pictures at an unusually large size and with a 
degree of resolution superior to that of other CD-ROM encyclopedias. 
Each picture had a small-sized “preview” version that could be displayed 
quickly on the screen and expanded to full size by clicking a button. 
Maps present a special problem in digital software. The World Book 
print set contains many highly detailed maps of continents and coun- 
tries, many of which are saturated with the names of places and physical 
features. Unfortunately, such maps cannot simply be digitized and dis- 
played on a computer screen. The computer screen cannot match the 
high resolution available on a printed page. As a result, maps have to be 
created especially for computer display. Such maps typically have fewer 
place names than print maps. Despite the fact that World Book owned its 
own collection of excellent print maps, it had to license over 360 low-
resolution maps created to its specifications by a cartographic producer. 
In the Illustrated Information Finder, the maps are linked to form a 
tiered atlas. The map of the world forms the top tier. Here the user can 
click on a continent to display its map. At the continent level, the user 
clicks on a country to see its map. At the continent and country levels, 
the user may click on labels in surrounding areas to navigate to those 
places. If the place is a capital or other major city, the program takes the 
user to the article on that city. All maps in the atlas are linked to their 
articles: when viewing the Africa map, the user clicks on a “See article” 
button to go to the Africa article. Conversely, all maps are displayed 
within their “home” articles, appearing in preview size, that can be ex- 
panded just like other illustrations. 
World Book designers chose to integrate map labels into the main da- 
tabase so that searching always includes the maps. In other CD-ROM 
encyclopedias, the user searches the atlas separately. An interesting dem- 
onstration of the value of integrating the map search is a keyword search 
for “Springfield.” The results consist of sixty hits of which seven are to 
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maps: Illinois, Massachusetts, Missouri, Ohio, Colorado, Oregon, and 
Vermont. 
Designers created three new features to provide ways to browse the 
enriched resources of the Illustrated Information Finder-Gallery, Timeline, 
and InfoTree. 
World Book approached the browsing function gingerly. Other CD- 
ROM encyclopedias attracted much attention because of the various 
browse modes they offered. World Book knew the value of enticing the 
user into its rich resources by offering browsing tools but wanted to make 
sure that the user did not confuse browsing with directed research. De- 
signers gave research preeminence over browsing by locating the “Search” 
and “Results” icons at the beginning of the set of main icons in the basic 
inter face. 
The Gallery browser consists of a set of postage-stamp sized icons 
representingcategories of pictures. For example, a click on the Human 
Body icon displays a list of all the pictures dealing with the human body. 
Clicking on an item in that list displays that picture. Once the picture is 
displayed, the user can go to the associated article by clicking a “See Ar-
ticle” button. 
Timeline offers access to selected resources associated with earliest 
times up to the present. Designers created Timeline especially for the 
CD-ROM version of the encyclopedia by extracting and adapting infor- 
mation from the many individual timelines in the print set. Also dis-
played in chronological context are selected images from the graphic 
database. The display helps the student visualize the time-relatedness of 
historic events and the lives of notable people. Clicking on elements in 
the timeline results in the presentation of a nugget of information or 
takes the user to an article or pictures. 
InfoTree allows the user to browse through articles by content, start- 
ing with eight basic subject areas: Geography, History, Humanities, In- 
dustry and Technology, Life Science, Physical Science and Math, Recre- 
ation, and Social Science. Clicking on a subject opens up successive lists 
of subcategories and, eventually, displays article titles within a category. 
InfoTree is the CD-ROM embodiment of a tool that World Book editors 
have been using for over thirty years. Called the “Classified Title List,” 
this breakdown of articles into subject areas serves as the basis for appor- 
tioning updating responsibilities among subject editors. TO create 
InfoTree, the editorial tool was simply transferred to the CD-ROM. 
Designers wanted the Illustrated Information Finder to serve as many 
users as possible, and so minimum platform specifications again were 
modest. This meant that some sizing compromises had to be made to 
allow acceptable screen display on the Macintosh. In addition, the net- 
work versions became a concern because of the inclusion of graphics 
with their notorious ability to degrade response time. 
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The Macintosh network posed special response-time problems. To, 
document and help solve these problems, World Book designers enlisted 
the aid of Tom Bookler, assistant to the superintendent for Technology at 
Addison [Illinois] School District 4. The district’s computer lab, with its 
more than thirty Macintosh computers, provided an excellent proving 
ground for the alpha and beta versions of Illustrated Information Finder. 
Bookler also made the lab available to testers who launched searches 
with stopwatch in hand to document the quality of performance. As a 
result of such testing, designers developed procedures for transferring 
certain databases from the CD-ROM to the hard drive of the network 
server in order to bring performance across a network to an acceptable 
level. 
THEWORLDBOOKMULTIMEDIA,?&CYCLOPEDIA 
Infomation Finder had started with text and then had added “sights”- 
pictures and maps. It was now time for “sound” and “action.” Once again, 
designers approached the addition of new resources gingerly. Some other 
products with much sound and action were viewed somewhat as toys. World 
Book had to add meaningful and effective resources that expanded the 
research and learning opportunities afforded by the existing text, pic- 
tures, and maps. 
Once again questions were asked. Which sounds are most impor- 
tant? How long will a sound clip be? What quality will it have? What 
subjects can best be explained by animation? What events will be drama- 
tized in video? Again, the answers came with dollar signs and with claims 
on CD-ROM real estate. 
But adding multimedia was fun. Of course, it was work to find out 
from whom a collection of animal sounds or symphonic music could be 
licensed, and work to struggle through the licensing process. It was work 
for editors to write scripts and then to cooperate with outside producers 
in developing animations and videos. The scripts arose out of existing 
materials already present in World Book text and illustrations, and-to use 
a well worn but still accurate cliche-they brought information to life in 
a way that text and still pictures never could. That’s what made working 
on multimedia fun. 
In its animation of the human circulatory system, World Book added 
something new to the technology by developing linked animations. While 
viewing the animation on the circulatory system, the user could click on a 
button to see five “detail” animations that dealt with blood, how the heart 
pumps blood, respiration, nutrition, and waste removal. These anima- 
tions were all based on existing illustrations, which continue to exist as 
still illustrations that can be printed. 
Designers inserted icons for the sound, animation, and video re- 
sources into the outlines and redesigned the Gallery screens to 
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accommodate the new multimedia features. They added selected videos 
to the Timeline presentation. All scripts became accessible to keyword 
searching. When all was done, one designer reveled in typing the query 
“why do dogs chase their tails” in kqword mode. Almost immediately, there 
appeared on the screen the first frame of the video on “Dog Behavior.” 
Superimposed on it were the first words of the script: “There are reasons 
why dogs chase their tails ...” If you ask the right question, natural lan- 
guage works perfectly! 
JOINING FORCESWITH IBM 
The ability to produce innovative and effective multimedia depends 
on having the right combination of the right resources. One of the basic 
resources is content, such as text, tables, and illustrations. Another is tech-
nological development capabilities, such as production facilities for cre- 
ating animations, videos, virtual reality segments, online components, 
and so on. Yet another basic resource is a mechanism for distribution of 
product into the consumer market. The word alliance became a byword 
to many multimedia publishers who lacked one or more of these basic 
resources. Partner sought potential partner and, in such a milieu, World 
Book and IBM joined forces to produce the next release of The World Book 
Multimedia Encyclopedia. 
The prospect facing the joint effort: so many opportunities to en- 
hance learning by technology, so little disk space! In the beginning, the 
CD-ROM revolution had engendered amazement that a single disk could 
hold an entire encyclopedia. Almost immediately, the disk had shrunk 
when measured against the resources publishers wanted to add to it. There 
was irony here as well: publishers’ designs had outstripped technology! 
The technological development that would solve the disk-space problem 
was still at least a year away. Called DVD (initials that officially don’t 
stand for anything but are commonly interpreted as meaning Digital Video 
Disc), this method of formatting a CD-ROM is expected to make one disk 
the equivalent of about fifteen disks. In addition, DVD-formatted disks 
can only be played on a special drive. It will take time for the “installed 
base” of computers with such drives to become large enough to justify 
DVD development. 
In the meantime, the solution to the space problem became: make 
the encyclopedia a two-disk product. But how could this be done and still 
preserve the ease-of-use standard? The basic elements and functions of 
the encyclopedia had to be integral on the main disk. The second disk 
would hold many of the complementary and supplementary videos and 
the virtual-reality segments. It was a risky decision not easily reached. 
With the added “real estate,” World Book and IBM designers added 
animations and videos and made them longer and better than if they had 
to fit them on a single disk. The newest virtual-reality technology was 
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incorporated to give students such experiences as walking around 
Chicago’s Picasso sculpture and viewing it from different angles. Design- 
ers and editors created interactive simulations, among them one in which 
students drop water balloons from various heights to experiment with 
the laws of falling bodies. 
The entire interface underwent metamorphosis, adopting a sleek 
modern look. Still easy to use, still functional, but more in tune with the 
added resources. The Gallery feature became ‘Yust Looking,” a control 
center from which the user browses through the encyclopedia’s resources, 
perhaps selecting them by type or category. A new Time Frame feature 
presents access to every resource dealing with a user-selected year, cen- 
tury, millenium, or era. This feature replaces the previous Timeline, which 
provided links only to preselected items. The atlas was enlarged with 
numerous additional maps showing topography, climate, and land use- 
maps that many users of the CD-ROM encyclopedia had asked for. 
Online linkage became an essential resource, providing for informa- 
tive monthly updates. The encyclopedia also contains thousands of addi- 
tional online links. World Book‘s Online Library, one of the linked re- 
sources, offers a collection of timely feature articles dealing with subjects 
ranging from genetic science to the greenhouse effect. An online fea- 
ture called “Our Century” presents articles dating back to 1922 on conti- 
nents, countries, industries, and inventions. These “time specific” expo- 
sitions enable the student to view the world through the eyes of the au- 
thors writing at various times during the 1900s. Special links in many 
encyclopedia articles provide access to selected Web sites that offer par- 
ticularly useful information relative to the topic at hand. 
The school and library version of The World Book Multimedia Encyclo- 
pedia was endowed with World Book’s unique “Guide to Better Writing, 
Speaking, and Research Skills.” This feature consisted of an HTML (Hyper 
Text Markup Language) adaptation of helpful materials at the front of 
the print set’s volume 22. 
Consistently, the World Book tradition guided decisions. Consistently, 
compromises had to be made. In earlier versions, designers feared “fall- 
ing off‘ one disk by having too many resources and too little space. Now 
they faced the prospect of falling off the second disk as well. Everything 
is reexamined. A designer laments: “It looks like the video on Dog Be- 
havior with that neat natural language hit won’t make the cut.” 
CONCLUSION 
When World Book‘s founders coined the subtitle “Organized Knowl- 
edge in Story and Picture,” they had no idea of how many ways knowl- 
edge would one day be organized. They had no idea of what technolo- 
gies “story and picture” would eventually embrace. But they probably 
did know that their revolutionary concept, “reference learning that 
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emphasize (s) interesting content, simple language, and many informa- 
tive pictures,” would stand forever regardless of reinterpretation within 
new technological milieus. 
Digitizing the World Book image remains a challenge as technological 
capabilities continue to burgeon. Cherishers of the World Book tradition 
have in fact been effecting and will continue to effect reinterpretations of 
that tradition in the light of new technologies. Those who know the 
tradition should have no trouble recognizing the World Book touch in 
present and future products. 
Just in Time Learning with Electric Library 
MARVINI. WEINBERGER 
ABSTRACT 
THEm . 4 ~  LIBRARIES has necessitated the creation of a new defi- OF DIGITA  
nition of literacy. This author is an inventor of an online reference li- 
brary service (Electric Library/Homework Helper) and posits that “free- 
form” learning and information delivered on demand to a scholar is the 
highest form of new media literacy. This “just in time learning” embodies 
all of the most popular aspects of twenty-first century literacy as recently 
defined and debated by educators and librarians. The author surveys 
recent research and literature on the topic and defines twenty-first cen- 
tury literacy in a new light, expanding on the traditional definition while 
incorporating a discussion of the Electric Library as it pertains to this 
new media trend. 
INTRODUCTION 
While the future is quickly bearing down upon us, the debate contin- 
ues to rage over technology and its role in our schools and libraries. It is 
assumed by many that computers alone are a panacea for what is wrong 
with our education system today. Some argue that they are used for little 
more than “drill and kill” exercises; still others complain that there is an 
exigent lack of effective technology and curriculum integration. But con- 
sider the alternative-a nineteenth-century curriculum based entirely on 
paper textbooks. As such, most of these texts aim at a very low common 
denominator, and many contain outdated information by the time they 
are printed. It is difficult to debate what many know to be true: Technol- 
ogy can do what textbooks cannot-interact. 
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As the entire world outside of the school and library becomes elec- 
tronic (e.g., beepers, CD players, cell phones, video games), the problem 
of keeping students focused and learning is compounded. This MTV-
style barrage of information and ideas from a wide array of sources that 
confronts today’s students is truly mind boggling. It challenges the ef- 
forts of even the most gifted parent, teacher, and librarian. Now technol- 
ogy and other advances rapidly make obsolete much of the information 
imparted to students over the course of a child’s formal education. The 
situation has become a crisis. 
Students need to experience the joys of free-form learning and self 
guided discovery rather than being tethered by the constraints of out- 
dated tomes, overcrowded classrooms, and information overload. A pas-
sion for learning-a reward for seeking-must be offered if they are to 
succeed. The power of digital libraries and new media technologies can 
provide this reward and break the shackles of nineteenth-century literacy. 
The downward pressure on costs for technology and communications 
matched with new and easy-to-use learning software means that Just In 
Time Learning-twenty-first century learning-is becoming a reality for 
all of our students. 
Making this future a reality necessitates the building of an educa- 
tional system based on the “just in time” learning philosophy. It requires 
the development of learning tools essential to survival in this rapidly chang- 
ing world-tools that teach children to be the intellectual explorers of 
tomorrow. One such tool is Electric LibraryTM, an online reference ser- 
vice designed for students. The challenge of designing a digital library 
that fosters and enhances learning in the new millennium is met by in- 
corporating the basic elements of twenty-first century literacy. 
TWENTY-FIRST LITERACYCENTURY ELEMENTS 
In June 1991, the U.S. Department of Labor issued its first report 
from the Secretary’s Commission on Achieving Necessary Skills (SCANS). 
This watershed document examined the changes in the world of work for 
the twenty-first century and highlighted the implications of those changes 
for learning. It summarized how the world has changed for schools in 
preparing our young to work. 
A strong back, the willingness to work, and a high school diploma 
were once all that was needed to make a start in America. They are 
no longer. A well-developed mind, a passion to learn, and the abil- 
ity to put knowledge to work are the new keys to the future of our 
young people, the success of our young people, the success of our 
businesses, and the economic well being of the nation. (U. S. De-
partment of Labor, 1991, p. 1) 
The report continued to define five competencies which rest on a three- 
part foundation of skills and personal qualities. These three parts are 
WEINBERGER/JUST IN TIME LEARNING 625 
defined as basic skills, personal qualities, and thinking skills, the last be- 
ing the centerpiece of the SCANSfoundation and a primary factor in the 
development of the Electric Library. Of the five competencies, the one 
most concerned with what is classically defined as twenty-first century lit- 
eracy, is information competency. The report defines this as: (1) the 
ability to acquire and evaluate information; (2) the ability to organize 
and maintain information; (3) the ability to interpret and communicate 
information; and (4) the ability to use computers to process information 
(U. S. Dept. of Labor, 1991, p. 12). According to SCANS, six individual 
components constitute thinking skills: creative thinking, decision mak- 
ing, problem solving, seeing things in the mind’s eye (i.e., processing 
symbolic and visual information), knowing how to learn, and reasoning. 
Everyone would agree that these are all absolutely critical skills to 
teach, for success in the working world would be difficult without them, 
but how to best instruct our students in acquiring these skills has been a 
matter of considerable ongoing debate. Technology can certainly help 
in this worthy endeavor. As Herndon (1994) stated simply in his discus- 
sion of technology integration in one school district: “The concept of 
computer literacy as a separate educational endeavor is outdated.” 
Rosenberg’s (1991) view of this kind of computer literacy is that its 
training does not deliver much in preparing youth for today’s job mar- 
ket. The pressure to bring computers in the classroom comes from the 
marketplace, parents, and administrators. Citing one director of a com- 
puter-literacy lab: “ [Administrators say] get the computers first, then ap- 
ply pressure on teachers to use them, instead of identifying an educa- 
tional need and asking if a computer could help with that.” Instead, the 
author argues that real computer literacy hinges on discussing the con- 
text into which the technology fits and focusing on case studies that study 
large, complex, and real world systems. 
Consider for a moment the new media information realm Berenfeld 
(1996) calls the infosphere. He argues that the evolving information 
environment in which we are immersed needs a metaphor that implies 
the growing unity, interdependence, and accessibility of information pro- 
duction. To Berenfeld, the infosphere summarizes nearly all human en- 
deavors; and technologically it traces back to the telegraph and radio, 
the first computers and monitors, and the Internet and the World Wide 
Web. 
The impact of today’s telecommunications revolution on schools goes 
vastly beyond replacing the old blackboard with a shiny whiteboard. 
The infosphere is revolutionizing the very nature and dynamics of 
the conventional classroom experience. This new learning environ- 
ment, by design, emphasizes student’s autonomy and independence. 
Classroom learning will become student-driven, interactive, experi- 
ential and collaborative-all goals long-cherished by many educa- 
tors but never before attainable. Students will no longer passively 
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receive information but will manage and synthesize it and even 
contribute to the infosphere. They become not only takers, but “giv- 
ers,’’ or creators, of information ....In this innovative paradigm, stu- 
dents’ abilities to contribute to the infosphere will be integral to 
their learning (p. 83) 
The lifelong revolutionary learning Berenfeld describes bears resem- 
blance to Papert and Talcott’s (1993) “knowledge machine” in its ability 
to redefine information acquisition and the very nature of learning. 
Through this knowledge machine, children freely explore all parts of the 
world by touch and sight and have the power to know anything they de- 
sire. It stimulates literacy by Papert and Talcott’s definition, which they 
define as thinking about and seeing the world differently than one did 
previously. This definition encompasses the true meaning of twenty-first 
century literacy. Digital libraries, undeniably a piece of this new literacy, 
are certainly part of this promise to elevate the learning experience to 
levels envisioned by Berenfeld and Papert and Talcott. 
But how do children navigate the seemingly countless options for 
participating in and learning from the so-called infosphere? How can 
they embark on lively expeditions through information space and return 
with newfound knowledge and experience? The answers lie in the very 
heart of the information universe itself, where information overload and 
chaos reign supreme. 
DIGITALIBRARIES 
Libraries are a familiar place. Whether the local community version 
or the very large university research library, a good library illustrates what 
is right with America. Donovan (1995) writes that libraries safeguard our 
freedom and keep democracy healthy. “They are ready when they are 
needed to enrich our minds and defend our right to know, just as other 
institutions defend our safety and property. But without sound minds, 
the American dream of safe streets and secure homes will never be ful- 
filled.” 
Of tandem importance is the library’s unique ability to nourish cre- 
ativity. “People can be creative without libraries, for sure. But can there 
be a creative society without a library?. ..In the library we are all children. 
By stimulating curiosity-parent to the twin forces of creativity and imagi- 
nation-even the most focused and specialized library serves the pur- 
pose of lifting the mind beyond its horizons” (Donovan, 1995). 
In order for the library to continue to satisfy curiosity and nourish 
creativity, it must meet the overwhelming need to not only incorporate 
but to apply technology (i.e., information digitization) . With 78 percent 
of our nation’s libraries housed in elementary- and secondary-schools 
and one-third of all library patrons being children (Speer, 1995), such 
integration is essential to the future success of the library. Speer believes 
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that “the lure of computers is a good one, because kids love technology, 
and the library may be the only source.” Billings (1996) asserts that li- 
braries, as “living changing bodies of information,” are increasingly keep- 
ing pace with the move toward digitization as “their traditional printed 
resources are being enhanced and extended through electronic technol- 
ogy.” 
The adoption of digital information represents a great step for li-
braries keeping pace with information technology but resolves only part 
of the issue. One problem that remains is that of the incredible vanishing 
library. Surely, as our nation cuts here and there to maintain some de- 
gree of fiscal prudence and integrity, library line items fall prey to the 
budget ax. Speer (1995) reported that half of the elementary school 
libraries in the United States bought less than one book per student in a 
year’s time, and half of the secondary school libraries bought less than 
one-third of a book per student. This is the most compelling reason for 
the creation of a digital library-a library without walls. Inside lies bi- 
nary code waiting for the opportunity to teach without the limitations of 
leaky roofs and staff and budget cutbacks. 
Today the marketplace arrival of lower cost data storage and infra- 
structure means increasing amounts of information can be made digital. 
But, for the moment, the problem of cheaper storage is being com- 
pounded by the sheer volume of new media coming into the market- 
place. In this era of mixed media, the question becomes not just what to 
buy but in what format to buy it. 
The digital library solves this dilemma. Systems exist today that care 
not in which format the information lays. 
As we move forward and embrace the concept of the virtual library, 
what we embrace most importantly is the concept of removing all 
obstacles. It is the absence of barriers of time and distance that 
make a library a virtual libra ry.... What we see is a means of sharing 
information without much regard to time or location. People have 
the information when and where they want it. (Margolis, 1996,p. 32) 
But what of the aforementioned bibliographic skills? Does the virtual 
library require a Dewey Decimal System? Must the data set be part of a 
controlled circulation? And what if we lived in a world where the infor- 
mation specialist-the library scientist-is a twelve-year-old named Bobby 
sitting behind the computer in homeroom? The answers to these ques- 
tions are being relayed, just in time. 
JUST IN TIME LEARNING 
The world will always need librarians as there will always be libraries. 
However, as fewer people buy paper books and newspapers and instead 
glean more of their news and entertainment digitally, there will clearly 
be less information available in print form. Instead of lamenting the fact 
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that computers are creeping up and stealing our privacy, consumers should 
rise up and say, “I know these computers are powerful, I know they can 
help my children, and I want to know how!” It is incumbent on technol- 
ogy companies to work in tandem with educators and librarians to assist 
consumers in realizing this potential. 
Imagine a world where any student, no matter the age, is focused not 
on math drills and sentence diagramming but on real-world problem 
solving-explaining and reading about new concepts taught by teachers 
in the classroom with real-time information. A world where current events 
are read and taught in the classroom as they happen, or complex abstract 
concepts are illustrated through a three dimensional image created by 
MIT university students and downloaded by Mr. Murphy’s seventh grade 
science class. And Ms. Cummings’s art class visits the Louvre for the fifth 
time in a week to verify the skin tones on Mona Lisa’s face. It is precisely 
this kind of dynamic learning environment that will not only serve to 
keep our children focused and interested in learning but will also pre- 
pare our students to use technolocgy for its most divine calling-i.e., as a 
means to an end. 
Just In Time Learning (JITL) is a fundamental embodiment of the 
key elements needed to propel students from twentieth to twenty-first 
century learning (see Table 1). This ideal is not meant to be held as a 
singular vision, part of some kind of self-aggrandizing pedagogy. It is 
designed instead to illustrate the potential technology has in completely 
revolutionizing the learning process. The basic planks that make up JITL 
should be defined in the context of classic literacy-a most familiar para- 
digm. For if grand ideas are related in everyday language, they will be 
more easily adopted and open to access (and debate), which is one of the 
key tenets of this new learning paradigm. 
What net impact will JITL have on our children-on all seekers of 
knowledge? Why JITL? There is no longer a need to judge our children 
by what they know. Standardized tests are now obsolete in their ability to 
judge the worthiness of an individual, classroom, or school. A more ac- 
curate metric, according to contemporary standards, judges based on the 
“how” of a child’s knowledge, emphasizing the significance of the overall 
learning process-the ability to think critically-not solely the end re- 
sult. 
Today, it is a complete impossibility for one person to know every- 
thing about his or her chosen field-the amount of information avail- 
able makes this an impossible scenario. But a person should not be pe- 
nalized for not knowing what significant event happened on April 14, 
1865. People should be measured by their ability to understand the con- 
text of this event and what it means to our civilization, past and present. 
This ability becomes increasingly important in light of today’s practice of 
“sanitizing” history and other textbooks for political correctness. Our 
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system of education, our learning tools, should provide for students the 
access to the information as it is needed. No one textbook author or 
curriculum guide can prepare a student to appreciate and learn from an 
infinite data set. Such a data set, requisite forJITL to succeed, is found in 
the existing digital library. 
Table 1. Elements of Twentieth versus Twenty-First Century Learning -
Classic 21st centuy 
Finite Data Set “Information Space” 
Rote Memorization Critical Thinking & Exploration 
School Learning Lifelong Learning 
Haves vs. Have-nots Information Democracy 
ELEMENTSOFJUST INTIMELEARNING 
Information Space 
As technology has evolved, the amount of information made avail- 
able digitally-especially in terms of what can be easily accessed-has 
grown demonstrably. This is good. Historically, there has been a finite 
data set, usually set by the rich and privileged, for they were the ones that 
could afford the books and could fill the shelves of fee-based libraries. 
Even today, it is only the most economically advantaged school districts 
that have the “good” books. Some of our poorer schools simply have no 
books to distribute. 
To be effective, twenty-first century literacy requires a limitless data 
set or “information space” (not dissimilar to Berenfeld’s infosphere). With 
sufficiently powerful tools and agents being created to search (locate), 
acquire (access), and process (download), a terabyte of data can be easily 
navigated and mastered by even a ten-year-old. It is through a truly vast 
data set that information has context, color, and borders. It is through 
this information chaos that order can be made. 
&tical Thinking and Exploration 
Perhaps the most important element ofJITL is teaching critical think- 
ing and information exploration skills, much like the aforementioned 
thinking skills as defined by SCANS. Students need to experience the 
joys of free-form learning and self guided discovery. A passion for learn- 
ing-a reward for seeking-must be offered if they are to succeed. The 
power of digital libraries can provide this reward and break the shackles 
of rote memorization. Making a seemingly infinite amount of quality 
information available to a young absorbent mind makes a lot of sense but 
constitutes only part of the package in this new-century learning. The 
young mind must also be sharpened with critical thinking skills, which 
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JITL achieves by integrating ideas and concepts once reserved for high 
school and university students into curricula as early as the first grade. As 
easy as it is to tell a banana from an orange, a five-year-old mind can grasp 
either-or and if-then thinking skills which are the basic building blocks of 
critical thinking. Equipped with this mental tool, a child can navigate a 
sea of information and draw conclusions based on objective reasoning 
that suits that child’s tastes or values-not the values or answers one text- 
book author posits as relevant facts. 
Lqelong Learning 
By giving our children these opportunities to access real-world infor- 
mation and rewarding them for seeking it, and by equipping them with 
the ability to sort it out-to create mental maps of ideas-they get more 
than a diploma at graduation. The die will be cast early. They will be- 
come lifelong learners. And the continuing evolution of new media tools 
will only serve to reinforce the ease of acquiring new and meaningful 
information that was out of touch earlier in their lifetime but is now avail- 
able at the touch of a key (e.g., poetry in a Tunisian vault unearthed and 
put online by an archeology student in the year 2010 made available to 
everyone via the World Wide Web). 
Information Democracy 
And what of equality with this new-age education? There exists today 
such inequity in our schools that it is no surprise that so many of our 
children cannot master basic skills. Technology, to the surprise of many, 
has galvanized belief that our schools can be better than they are and be 
made to fully serve their key constituents-children. Technology is hold- 
ing a candle to our schools, and parents, teachers, librarians, and com- 
munities around the globe have taken notice. Herndon (1994) noted, 
for example, a decrease in truancy and discipline problems with the full- 
scale, district-wide integration of technology in the classroom. 
Private companies have also taken notice. Dozens of private initia- 
tives are launching nationwide to wire and install hardware in our schools 
in an effort to bring them up to speed with the private and government 
sector, where there is little doubt a majority of them will interface with 
some kind of computer to access information for their jobs. JITL‘s final 
plank is to make information access ubiquitous and publishing a simpli- 
fied task. 
With the advent of the World Wide Web, anyone with access to a 
computer with an Internet connection can publish a magazine. It is this 
universal access and ability to create information that rounds out the pic- 
ture. If our citizens are informed, educated critical thinkers, they will 
interact and create more content for “information space.” This informa- 
tion democracy, through which everyone has the opportunity to be both 
content consumer and content publisher, means that interactions will 
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become more meaningful and reinforce the behavior unanimously de- 
sired to be instilled in our school-age youths-interactive learning. 
Ironically, schooling, which is said to prepare students for life in the 
real world, is tremendously isolated. Learning is compartmental-
ized behind closed doors. Telecommunications expand the learn- 
ing context by bringing the real world into the classroom. Students 
and teachers can establish interactive connections with anybody or 
any source, making learning more relevant to their lives, interests 
and concerns. (Berenfeld, 1996, p. 80) 
Digital libraries and the tools to create and access them are necessary for 
JITL to succeed, for they wholly incorporate its framework into everyday 
learning and serve to cultivate the essential skills children need to be- 
come lifelong learners of the future. Electric Library is one such tool. 
JUST INTIMELEARNING LIBRARYWITH ELECTRIC 
Through a networked system, computers can provide an ideal me- 
dium for igniting the passion in learning, especially when there are soft- 
ware applications that set the students free to learn at their own speed. 
Such an application is Electric Library from Infonautics Corporation. 
Designed from the ground up as a twenty-first century literacy tool, 
Electric Library embodies all of the necessary technical requirements that 
make JITL a very real possibility by the turn of the century. Launched as 
Homework Helper on the Prodigy Service in early 1995, this application 
won much praise from critics along with more than eight distinguished 
awards. It was launched on the Internet in February 1996 and has been 
utilized by individual consumers, schools, and libraries ever since. 
There are four distinct elements of Electric Library that supportJITL. 
For the new Information Space, there exists an astounding collection-a 
library-of hundreds of newspaper and magazine sources, international 
newswires, classic books, encyclopedias, thousands of images and maps, 
as well as major works of art and literature (see Figure 1). The primary 
focus of this aggregation of content is to ensure the highest level of diver- 
sity-containing materials that service the information needs of all chil- 
dren, a data set that truly “summarizes nearly all human endeavors” 
(Berenfeld, 1996, p. 83), as with Berenfeld’s infosphere. Servicing the 
information needs of all children is defined as being able to provide sat- 
isfying answers to all of their questions, on all levels of cognition and 
curiosity, with data that are reliable and easily accessible. 
Securing a vast and diverse collection of content materials was one of 
the original challenges faced during the development of Homework 
Helper, predecessor of Electric Library. With the increasing number of 
publishers converting their information into digital formats, the chal- 
lenge did not equal an obstacle. Focus groups formed during the devel- 
opment stage, coupled with intense market research, helped to determine 
Figure 1.Diverse and quality content constitute this information space. 
the specific quality content deemed suitable and desirable for such a ser- 
vice. Parents and educators $\’ere siirveved and interviewed to assess what 
kids were reading, both for pleasure and for school assignments. What 
specific sources ho~isrd the answcrs to their thousands of questions? The 
answer to that question was simple: everything. Children are so innately 
inquisitive, there is no one book or encyclopedia that can provide all of 
the information they seek. For this online reference library to succeed, it 
must provide a plethora of sources in a variety of formats; the content 
must have the capacity to answer such an age-old question as “Why is the 
sky blue?” as well as those of a university student studying the political 
evolution of a foreign land. With that in mind, and scores of titles from 
which to select, content for the service was sought and acquired through 
direct arrangement with the content providers. Many publishers are ea- 
ger to forge alliances with developers of online tools. Many are anxious 
to be part of such a vehicle designed f‘or students. 
Equally as important was ensuring that the materials in Electric Li- 
brary were age-appropriate, as safe as the content a child would discover 
in his or her school oI local library. The pervasive fear of educators and 
parents alikc- of  the “dangers of the Internet” is abated, reassuring them 
that what can he found online through their library is reputable. U5th 
the grade-reading level clearly marked in the headline listing of each 
article retrieved from Electric Library, selecting the appropriate docu- 
ments becomes an easier task for even the younger children. The evalu- 
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Figure 2. Sophisticated search technology ranks documents b y  relevancc, and indicates key 
bibliographic information and grade levrl rratling. 
ation of grade-reading level is determined by an algorithm based on a 
model developed by Fleisch-Kincaid, a widely accepted metric in academia. 
For the second element of JITL, critical thinking and exploration, 
numerous search engine features were identified as being fundamental 
components in order to bring these elements to life. To begin with, the 
service was designed to be a natural language service. Children needed 
to be able to explore a data set with free-flowing thoughts; to ask their 
questions much the way they ask a question of their teachers and parents. 
By eliminating the need to learn and use complex search languages, a 
child of any age would be able to easily navigate the system, thus remov- 
ing a major “barrier” that traditional online searching posed for chil- 
dren. 
In conjunction with the natural language design, a powerful search 
and retrieval func,tion was built that returns articles ranked by relevance, 
randonily (no publisher has preference), with the ability to download 
multiple documents or images simultaneously (see Figure 2) .  Incorpo-
rating this element of JITL into Electric Library entailed designing the 
search engine to both encourage and enable children to think for them- 
selves; to make it  conducive to the learning process and growth of infor-
mation-gathering skills. 
Ranking the search results by relevance in a random order is essen- 
tial to fostering information exploration for two priniary reasons. By 
Figure 3 .  Tlir “ B a t  Par-t”feature helps chiltlrrii quickly find answers to their questions hy 
jumping thcm t o  tlir mo\t rrlevant poi-tion of documcnts. 
eliminating the need to physically wade through documents, relevance 
ranking can save scores of time, freeing students to explore longer and 
with more depth, fiirther promoting the active learning required to SIK-
ceed in the modern workplace. It also facilitates the process of discern-
ing which documents most completely fulfill their research needs. This 
assists them in learning to think critically about the text of the documents 
and the meanings within, to consider the actual relevance to their re- 
search needs. This feature does not, however, do the work of analyzing 
the contents for them. It points them in the right direction, much like a 
librarian guiding a child to the right bookshelf, but does not describe 
each step along the way or what they will discover upon arrival. This is 
something children will discover for themselves. 
Listing the relevance-ranked documents randomly, as opposed to by 
alphabetic or other means, also guarantees that each search is unique- 
that each experience is unique. Tu.0 children researching the same topic 
can potentially unearth vastly different sources and information from one 
another. This fosters individual discovery as they navigate this informa- 
tion space. Additional features that cultivate critical thinking and pro- 
mote exploration include a “Best Part” option and the intelligent expan- 
sion of query terms. Proprietary technolqgy, the “Best Part” option, auto- 
maticallyjumps the user to the section in the displayed document that is 
most relevant to the search terms (see Figure 3).  A great step beyond 
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Figure 4. The intelligent expansion of search queries introduces alternative ternis to a 
child’s search, leading them down new paths in information space. 
traditional keyword highlighting, this further reduces time spent wading 
through pages of text; children can determine at a glance whether they 
want to download a particular document. They can also quickly deter- 
mine whether or not their search queries are generating the expected 
and desired results. If not, they are driven to rethink their question, to 
redefine what it is they are seeking using a variety of terms and sources. 
The intelligent expansion of query terms opens doors and expands 
minds by introducing new elements, new terms, into a child’s search for 
information. A search for “smartest animals,” for example, would also 
find documents with the terms “intelligent creatures” and “clever beasts’’ 
(see Figure 4). The meaning of the query terms are expanded based on 
their context. This feature is significant in encouraging children to think 
beyond the simplistic, to expand thought processes, and to increase their 
vocabulary, thereby improving the success of the current and of subse- 
quent searches. 
The dictionary and thesaurus lookup features can also serve to ex- 
pand children’s vocabularies. These features enable the user to select a 
word from a displayed document and automatically display the dictio- 
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speed of doing so increases the likelihood that the feature will be used 
when an unfamiliar word is encountered. With the wide range of mate- 
rial available spanning reading levels, this becomes a frequent occurrence. 
,In additional selection of colorful h i t t ons ,  ivhosc functions can be 
quickly ar id easily :rscer(ained, was atlded t o  the interf‘ace. These consist 
of buttons idt-ntiljing source types (i.e., books, maps, newspapers, etc.) 
that coiild be selccted or deselected with one click. By enabling the user 
to determine which source types to search, the service encourages the 
consideration of not only the specific information sought, but where it 
can best be found. Where books may be appropriate for one topic, docu- 
ments on a current events topic may be more readily found in a newspa- 
per. Learning to differentiate between source types and having the ca- 
pacity to do so at the touch of a button can aid children in fine tuning 
their research skills. 
For lifelong learning, there is an ever-evolving technology focus 
(search retrieval) on the product as 1vc.11 as the opportunity to evolve and 
customize the interface to meet the tastes of adults and older students 
without compromising intuitiveness. For example, as child-friendly as this 
digital library is, it is sophisticated enough to he a viable research option 
for a student of any age. As students continue to begin experiencing 
computers at younger ages, the potential for a system to be applicable to 
their needs through the years-perhaps over their lifetime-is equally 
important. 
One example of this is Electric Library’s advanced search options, 
which allow the user to define his or her parameters by author, publica- 
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tion or publication type, and date range (see Figure 5). Found more 
typically in only commercial business databases aimed at the information 
professional, such a feature caters to the needs of more experienced on- 
line users, such as older students. 
There are also product plans in place to design and implement a 
visual navigation system for exploring information space. Such a system 
enables children to transport themselves, seemingly across space and time, 
through virtual actions such as “jumping,” “flying,” “diving,” and “swim- 
ming.” With such a system, a simulation of Papert and Talcott’s Knowl-
edge Machine could soon become a reality. 
For information democracy, all data are available all the time and 
are easy to access. Electric Library’s high level of intuitiveness makes it 
easy for children of all ages, with varying degrees of computer experi- 
ence, to navigate all parts of the system. For the first time, an online 
system exists for everyone; a system that enables children to conduct so- 
phisticated online research that was once available only to business and 
information professionals. 
With the high-end client-server architecture on which it is based, Elec- 
tric Library truly is accessible to any child with a computer and Internet 
access, whenever they need it, seven days a week. 
Furthering the cause of information democracy are the plans to cre- 
ate a distributed database network for Electric Library subscribers. This 
network would allow subscribers to become Electric Library content pro- 
viders, completing the circle of JITL. 
CONCLUSION 
There are those who wish to be left behind and hope that technol- 
ogy fades away, and there are those that cannot afford the information 
revolution but actively desire it. And there are those that have fully em- 
braced and implemented a technology-based curriculum in their library 
or school. For those who want to make it happen in their library, List 
(1995) has these words of encouragement: 
To Net-loving cybrarians: Bear in mind that this is a time of transi- 
tion. There should be room for many along a continuum of exper- 
tise in using the Internet. The profession needs people like you to 
charge into the newest developments and open them up for the rest 
of us. Encouragement, not exclusivity, is needed. There is a fine 
line between patronization and motivation of those not up to your 
speed, and I urge you to walk it. I also recommend that you exam- 
ine what you are not doing while you’re out surfing to make sure 
you’re not creating a bigger sandpile for a nonsurfer colleague to 
deal with. To administrators: work with your faculty and staff to 
develop clearly stated policies about the place of the Internet in your 
library. Articulate the way in which time spent on the Net will affect 
performance evaluations. Give your faculty and staff the reasons 
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behind electronic purchasing decisions so they don’t feel that the 
machines are getting all the money. To the so-called Luddites: Shed 
the title! Learn the Net-at the pace you need to make your job 
accommodate the technology. Simply maintaining the status quo 
can very quickly equal stagnating professionally. 
It is incumbent on all to ensure that computers become part of the Ameri- 
can educational landscape. The private sector is most responsible, how- 
ever, as it is the most financially capable, and it is the primary beneficiary 
of an educated and technologically literate population. 
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Influence of the Digital Environment 
on Literature for Youth: 
Radical Change in the Handheld Book 
ELI= T. DRESANG 
ASSTRACT 
A RADICAL CHANGE, AN UNALTERABLE TRANSFORMATION in form and content, is 
underway in handheld books for youth, influenced by the digital envi- 
ronment of the 1990s. The multilayered, nonlinear, nonsequential, 
graphic, interactive nature of digitized communication and the affinity 
of children for it are examined. Numerous examples of handheld litera- 
ture for youth reflecting these digital influences are woven into the dis- 
cussion. A new framework for literary criticism and evaluation, taking 
account of the radical changes in literature for youth, is proposed. The 
author suggests that: (1) those involved with criticism or evaluation of 
children’s literature will take account of the constructs of radical change 
in order to employ an appropriate holistic context for examination; 
(2) children’s increasing freedom from the dominance of a limiting adult 
definition of their capabilities will be reflected in how their handheld 
literature is structured; (3) printed handheld literature will continue to 
be calibrated to changes in the digitized environment; and (4) further 
radical changes in literature for youth will develop in a nonlinear, 
nonhierarchical fashion. 
INTRODUCTION 
The influence of the digital world on literature for young people 
extends well beyond materials produced in actual digital form. The ex- 
tent to which the digitized format has affected or is reflected in the famil- 
iar handheld book for youth is substantial. A radical change, an unalter- 
able transformation in form and content, is underway in the arena of 
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print materials for children, a manifestation that is natural and inevitable 
in an increasingly electronic society. 
Intermittent precursors to the transformation that is permeating much 
of children’s literature can be found well before the current digitized 
world emerged into full public view and the rapid move toward ubiquity 
of the computer began. The synergy between words and pictures in the 
nineteenth-century illustrations of Randolph Caldecott and the nonlin- 
ear text in Lewis Carroll’s Alice books are similar to certain literary char- 
acteristics manifested in contemporary books influenced by the digital 
environment. Important to note is that these and others of the scattered 
precursors to the many radically changed books for youth now identifi- 
able do not represent the beginning of a trend or linear progression that 
can be traced to the present but were produced by artists whose under- 
standing of children and of communication was far ahead of their time. 
A pivotal difference exists between past environments and the mi- 
lieu in which the literature is now created. An environment which calls 
for pondering “the child and the digital library” provides a setting which, 
while not necessarily a primary cause, is a catalyst for the fundamental 
alteration which is taking place in the body of literature for children. 
The nature of the change suggests a calibration of the literature-unpre- 
meditated and often unrecognized by its creators-to match certain fea- 
tures of the digital environment. One relevant feature of this environ- 
ment is an increasing understanding of children, their abilities, and how 
they interact with information resources, including the book, in the elec- 
tronic age. 
Some of the differences in today’s literature for youth result from 
advances in the technical aspects of publishing-i.e., the replacement of 
such traditional tasks as typesetting and color separation with electronic 
processes affects what the end product can be. These procedures are 
often economically more advantageous and provide more flexibility to 
authors and illustrators in how literature can be created and presented. 
The focus of this analysis, however, is on the changes that are taking place 
in the content of the books rather than their manufacture. Concentra-
tion is on how these alterations reflect similar properties of digitized in- 
formation rather than on how these transformations occur. An assump-
tion underlying all that is said is that the computerized production pro- 
cess makes many of these changes possible. 
Radically changed literature for youth calls for a new approach to 
literary criticism, a new acknowledgment of what constitutes the act of 
reading itself, one which is appropriate in an electronic era and can al- 
low the critic-be she or he scholar or librarian-to move easily from 
one mode of literary presentation to another. Dresang (in press) has 
analyzed and categorized multiple changes that are occurring with youth 
and their literature in the digital world. This article focuses on only one 
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of the three major types of changes identified by the author in her book 
and presents only a portion of the critical framework for examining 
children’s literature of the digital age. Even this partial examination of 
how the particularly germane capabilities of digital information translate 
and successfully incorporate with pertinent features of books offers in- 
sight into often ignored relationships between traditional and electronic 
modes. The constructs of this new paradigm can ease the tension and 
build a bridge of understanding, a way of communication, between those 
who embrace the new and those who value the traditional presentation 
of literary matter for youth. It can pave the way for an expansive model 
of a digital library for children. 
THEVOCASULARYOF CHANGE 
Literature,as used in this discussion, means text or illustration or other 
graphic representation having excellence of form in expressing ideas of 
widespread or long-term interest published in a handheld printed book 
format. Information, as it will be used in this discussion, means facts or 
ideas which have been interpreted and applies to the content of both 
fiction and nonfiction literature. Digztal environment will be used in the 
context of the current and recent past in which capabilities for commu- 
nication offered by the personal computer, the Internet and Web brows- 
ers, and digitized electronic formats such as CD-ROM have become wide- 
spread in use and even more widely recognized as well as the influences 
which these capabilities have had on the properties of the communica- 
tion and exchange of information. This influence of the digital world on 
communication represents a complete paradigm shift, yet many are not 
aware of the extent of its impact. According to Nelson (1992) as he dis- 
cusses the new paradigm of the digital world: “A paradigm is so much a 
part of the way you think that you are not even aware of it” (p. 43). 
Burnett (1992, 1993), Poster (1990), Deleuze and Guattari (1988), 
Harnad (1990,1991), and others have proposed a fundamental theoreti- 
cal framework within which to understand and explain communication 
in the digital world and its lack of linearity. The rhizome is offered by 
Deleuze and Guattari as a model for this framework and elaborated upon 
by Burnett. A rhizome is a large root-like structure which is often 
subterraneous and horizontal. Stems and buds do not grow up from it 
but root below in a hierarchical pattern, and buds, nodes, and leaves 
sprout here and there in an unpredictable nonlinear arrangement. A 
hierarchical structure or pattern may be part of a rhizome but the overall 
structure is not a hierarchy. It is this nonlinear, nonhierarchical nature 
of communication in the digital environment that has had a profound 
influence on literature for youth. 
The “current and recent past” era which constitutes the digital envi- 
ronment begins with the last decade of the twentieth century-the decade 
when digitization became commonplace and visible to children-but in-
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corporates qualities of preceding electronic advances both digital and 
nondigital. Dresang and McClelland (1995, 1996) have documented the 
changes taking place in children’s literature in the 1990s which reflect 
qualities of this digital environment. Throughout the decade, the best of 
literature for youth each year has evidenced influences of the digital world 
in greater numbers and percentages (see Figure 1).Award lists, the “best” 
in various categories, show similar increases. All three 1995 Newbery 
Award and Honor books, published in 1994, Walk Two Moons by Sharon 
Creech (award), Catherine Called Birdy by Karen Cushman, and The Ear; 
the Eye, and the Arm by Nancy Farmer are, for example, books exhibiting 
these digital environment influences. Children in this context refers to 
those young people living in the United States who are reading books 
published by the juvenile divisions of trade publishers. The beginning of 
this era is at the birth of an individual and the end may be early to late 
teens. 
BBY 
BCC 
BEC 
BL 
CCB 
~ C N B  
~ H B F  
1990 1995 
SLJ 
Year Book Published* R x  
A content analysis of annotations, matching characteristics of radically changing 
books as defined by Dresang with descriptive terms, was conducted to produce 
the percentages. The content analysis, however, was not based on strictly con- 
trolled terms and is a general indicator only. 
Key to journals: BBY = Best Books for  Young Adults, BCC = Bulletin of the Center for 
Children’s Books: Blue Ribbons, BEC = Booklist: Editor’s Choice, BL = Book Links, 
CCB = CCBC Choices, CNB = Children’s Notable Books, HBF = The Horn Book Fanfare, 
SLJ = School Library Journal’s Best Books for Young Adults, TC = Teachers’ Choices. 
“Some lists are labeled as year published, others as year cited. Chart reflects year 
published. 
Figure 1. Percentage of books for youth reflecting characteristics of the digital 
environment on annual best book lists 1990 and 1995. 
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Other concepts of the digital age which have specific meaning in this 
context-i.e., hypertext, hypermedia, interactive, and graphic-are explained 
as they appear. 
CHILDREN WORLDI  THE DIGITAL 
The transformations of handheld books in the digital library relate 
to children and their seemingly innate affinity for certain of the commu- 
nication capabilities offered by data which have been digitized. In order 
to understand how life differs from former eras for children in the digital 
environment, in order to understand how the radical change in how they 
are perceived parallels the radical change in their literature, it is neces- 
sary to have a broad perspective of how adults have construed and con- 
structed the world for children from the time of the invention of the 
printing press in the fifteenth century until this last decade of the twenti- 
eth century.’ The printing press made possible and seemed to call for a 
previously less specifically differentiated world for adults, who felt the 
need both to own and to “protect” children from many of the ideas which 
were now written and widely circulating. Grendler (1983) discusses the 
concomitant spread of ideas and urges for censorship-an occurrence 
that was particularly isolating for children. 
Numerous scholars have studied or commented on adults’ percep- 
tions of childhood (Aries, 1962; Cleverley & Phillips, 1986; Pollack, 1983; 
Hawes & Hiner, 1985; Nodelman, 1992; Warner, 1994, pp. 43-62; 
Nodelman, 1996, pp. 67-87). Academic research has considered as well 
how the adult perception of children is revealed in their literature (Avery, 
1994; Bingham & Scholt, 1980; Lurie, 1990; Griswold, 1992; Rose, 1992; 
MacLeod, 1994; Nodelman, 1996, pp. 91-136). There is considerable 
debate among these scholars and others about the exact perceptions adults 
have had of children and, in fact, whether the end of the Middle Ages 
and spread of the printed word was the beginning of childhood as “other” 
rather than some former time. Adults have characterized children as 
innocent, naive, and good; as undisciplined, even savage; as morally infe- 
rior; as morally superior, sometimes positing contradictory characteris- 
tics to be exhibited simultaneously. Warner (1994) points this out in her 
analytic essay “Little Angels, Little Monsters.” Certain contemporary writ- 
ers believe that children have been “hurried” into adulthood (Elkind, 
1981; Postman, 1982), wishing to preserve what they regard as the sacred 
space of childhood for children. Nodelman (1996) comments on these 
many assumptions about children: 
The danger in the assumptions [is that] ...they define childhood al- 
most exclusively in terms of its limitations: What most characterizes 
children is that they are less knowledgeable, less resilient, less resis- 
tant to influence than adults. If these ideas are true then children’s 
ability to respond to literature with any degree of. . .understanding 
is seriously limited. (p. 74) 
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As Nodelman points out, although there have been varying and con- 
flicting attributes ascribed to children and childhood over the past five 
centuries, the central tenets of society at large have never described chil- 
dren as capable of, or suited for, making complex decisions or creating 
knowledge. The emphasis, rather, has been on the need for children to 
know or at best discover in limited measure what others have already 
thought. Textbooks and teachers have been commissioned for this pro- 
cess. Literature for children has reflected this widely held point of view 
of the need to instruct the young in preparation for later contribution 
but to protect them, in general, from the “world.” In his preface to 1 
Dream of Peace: Images of Warby Childrenof Former Yugoslavia,Maurice Sendak 
(1994) refers in the face of today’s world conditions-conditions of the 
global village-to the irony that children should be protected rather than 
taught to deal with the environment in which they live: 
The children know. They have always known. But we choose to think 
otherwise; it hurts to know the children know. The children see. If 
we obfuscate, they will not see. Thus we conspire to keep them from 
knowing and seeing. And if we insist, then the children, to please 
us, will make believe they do not know, they do not see. Children 
make that sacrifice for our sake-to keep us pacified. They are re- 
markably patient, giving and all-forgiving. It is a sad comedy: the 
children knowing and pretending they don’t know to protect us from 
knowing they know. 
From diverse walks of life, Perry Nodelman, Maurice Sendak, and 
Seymour Papert present evidence that children’s abilities have been un- 
derestimated, and that they can deal with far more complex situations 
than previously acknowledged. Seymour Papert is a professor at the Mas- 
sachusetts Institute of Technology, a former professor of mathematics, 
and co-director of the Artificial Intelligence Laboratory, founding mem- 
ber of the Media Laboratory, and director of its Epistemology and Learn- 
ing Group. He has worked extensively with children and computers and 
invented a computer language for children-Logo-which, because it is 
used with Leg0 images, has become known as Leg0 Logo. In The Children’s 
Machine: Rethinking School in the Age of the Computer, Papert (1992) speaks 
directly to the qualities of thinking that permit children to succeed in a 
digital world. It is actually the process of learning an empowering, connec- 
tive, exploratory, creative process, which children need to learn rather 
than a specific knowledge content. Digital technology offers-actually 
demands-a way that schools can encourage this empowered type of learn- 
ing rather than stifled, regulated, regimented thinking. 
Papert notes that children have an affinity for the computer that is 
difficult for adults to understand. Nicholas Negroponte (1995), profes- 
sor of Media Technology, also at the Massachusetts Institute of Technol- 
ogy, observes in his book, Being Digital, that children, unlike many adults, 
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take the interchangeability and nonlinearity of bits of data as normal. 
For children, the openness of the digital environment provides for them 
an opportunity to explore and make connections with others and within 
themselves in a way that has not previously been accessible to them. 
One aspect of children’s capabilities that fosters the changes occur- 
ring in the digital world and the concomitant changes in children’s lit- 
erature relates to their active involvement in information seeking. 
Dresang’s interest in the current interaction of children with resources 
and within resources in the digital world stems from a 1981 quasi-ex- 
perimental study in which she demonstrated the value of children’s ac- 
tive participation in the decision-making process when seeking informa- 
tion on a particular topic. She studied several conditions during which 
young people were exposed to media about persons with disabilities. The 
impact of the message on changing attitude in a positive direction was 
the greatest when the young people viewed, heard, or read information 
on topics which they had chosen rather than those which the teachers 
had deemed best, even within the constraints of a set topic. Linked to 
this observation, Dresang has taken note that the broad range of choices 
in which many children are involved in the digital world enable them to 
hone their ability to select, gain, integrate, and organize knowledge, and 
then to apply it, all within the process of interacting with resources. The 
digital world is expansive and so are the changes in literature for youth, 
and the opportunities for choice these changes afford lead to positive 
results for those who take advantage of them. 
RELEVANT CHARACTERISTICS COMMUNICATIONOF DIGITAL 
If children are ready to receive, what is the digital world ready to 
give? Multilayered, nonlinear, nonsequential, graphic, interactive-these 
are descriptors frequently applied to the digitized format which allows 
direct access to any bit or byte of data. Digitized communication for 
years was predominantly text based. It has now come to be associated in 
the general public with graphical interfaces such as Netscape for the World 
Wide Web or Windows and Macintosh applications for personal comput- 
ers. In 1996, 20 percent of homes in the United States had access to 
digital information, but its influence has spread far beyond that range. 
The characteristics of the digital environment have evolved in another 
communication mode-that of literature for youth, which traditionally 
has been considered sequential (“what comes next” clearly and directly 
related to what comes before), linear (a step by step “one way only” pro- 
gression), graphic only for the very young, and with narrow parameters 
for interactivity prescribed by the author of the text. 
Digitized media often, but not always, are associated with what is 
known as hypermedia, a term which, in turn, was preceded by a concept 
known as hypertext. Theodor H. Nelson in the 1960s coined the term 
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hypertext to refer to electronic text that “branches and allows choices to 
the reader.” George P. Landows, a professor of English at Brown Univer- 
sity, is a prominent hypertext theorist. In his book Hypertext: The Conver- 
gence of Contemporary Critical Theory and Technology, Landow (1992) describes 
hypertext as “text composed of blocks of words (or images) linked elec- 
tronically by multiple paths, chains, or trails in an open-ended, perpetu- 
ally unfinished textuality described by the terms link, node, network, web, 
and path” (p. 3).  Landow points out that the basic theses of hypertext 
were developed in the print environment with footnotes serving as an 
example of a familiar form of nonsequential reading. 
The referent to the blocks of texts, lexias, was coined by French liter- 
ary scholar, Roland Barthes. The concept of lexias-i.e., freestanding 
blocks of texts-as they exist in hypertext is one of the most significant in 
examining the influence of the digital world on literature for youth. DK, 
known until 1996 as Dorling Kindersley, is the publishing company which 
stands out above all others in producing information books for young 
people which contain, actually are composed of, numerous lexias. Said 
Publisher? Weekly when this British-based firm opened its American office: 
“The DK ‘look’-with its liberal use of photography and innovative lay- 
outs-is a natural for children, especially the TV and computer-jaded gen- 
eration” (Richheimer, 1991, p. 30). Stephen Biesty ? Cross-Sections Castle 
(1994) can be read sequentially, but it is unlikely that children would 
choose to read all the lexias or blocks of text on any given page or even 
that they would read the pages in order but rather might explore a theme 
of interest, going from page to page, weaving their own story, creating a 
sequence of their own. Any page might be a starting place, and any sec- 
tion of any page might serve as a link to another, very similar to a hypertext 
structure. Says John Sargent, at the time CEO of DKin the United States: 
“We want kids to explore at their own pace rather than use our books just 
to find a specific piece of information quickly” (Lodge, 1996, p. 42). 
Burnett extends the meaning of hypertext by looking to the root 
word for “text” which derives from the Latin texere. This origin refers not 
to the written word but to “weaving.” Says Burnett (1992) : 
I like the sense that this lends to the meaning of “hypertext” as an 
art “beyond weaving,” allowing for infinite variation in color, pat- 
tern, material and structure. It is unfortunate that this is not the way 
the term is commonly understood, because it gets to the heart of 
what it signifies (p. 2) .  
Nelson used hypermedia interchangeably with hypertext. While Burnett 
concurs that this is often the practice, she suggests-and her suggestions 
govern the context of this discussion-that hypertext refers to the struc- 
ture of any medium that demonstrates traits described by Landow, “traits 
that are usually obscured by the enforced linearity of paper printing” 
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with her added dimension of more fluidity in the weaving of information 
paths. Hypermedia, with this understanding of hypertext, is a vehicle of 
information transfer for any medium in hypertext structure. 
By providing the navigator, as the user of hypertext is often called, 
with multiple choices that must be made, hypertext forces an experience 
that is more interactive than that of ordinary text. According to Carolyn 
Meyer and Martha Petry (1992), hypertext novelists, “the difference be- 
tween reading hyperfiction and reading traditional printed fiction may 
be the difference between sailing the islands and standing on the dock 
watching the sea” (p. 24). Roland Barthes, along with Louise Rosenblatt 
(1937, 1982), a pioneer thinker in reader response theory, would have 
described this in more scholarly literary terms, saying that there are 
“writerly” texts and “readerly” texts (Barthes’s categories) with the latter 
being those which demand more involvement from the reader, and give 
the reader more of an opportunity to share his or her experience with 
the text. Digital resources often force some level of interactivity that is 
not usual in the traditional printed book as do books which also reflect 
the characteristics of the digital environment. 
Bull Run (Fleischman, 1993), a readerly text, is a historical novel 
with sixteen main characters, each represented by an icon preceding his 
or her three to five lexias or blocks of text that are a half page to a page 
and a half in length. The characters do not appear in a “scheduled” 
order. In the back of the book they are listed by North and South and 
their voices reflect gender, class, military, civilian, main player, and ob-
server perspectives, among others. The manner in which Paul Fleischman 
wrote Bull Run gives the reader the freedom to move from lexia to lexia 
in whatever pattern he o r  she chooses in numerous nonlinear 
nonsequential ways. This was not the intention of Paul Fleischman, a 
musician as well as an author, who explains that he wrote Bull Run as a 
symphony and that the blocks of text are in the order that they must be to 
build into an orchestrated piece.3 But Dresang assigned this book, with- 
out comment on how to approach it, to a class of graduate students in the 
School of Library and Information Studies at the University of Wiscon- 
sin, and found that two-thirds of the students reported, when asked, that 
they had not read this book in a linear manner. These readers used the 
index to read favorite characters’ pieces first or to read all of the South- 
ern perspective at once or to read by gender and in numerous other 
ways. These readers in the digital environment took the author’s work, 
written in an icon-based form familiar to them in a digital environment, 
and turned it into a hypertext experience, something impossible with 
many linearlywritten books. This electronic age, icon driven format which 
Fleischman used provides the opportunity for the reader to participate in 
Fleischman’s vision of the story or to create his or her own. It does, in 
fact, fit well with Burnett’s (1992) description of the “infinite variation in 
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color, pattern, material and structure” that makes reading an art “beyond 
weaving” for the reader (p. 27). 
Author and illustrator David Macaulay (1990) produced in Black and 
White, for which he was awarded the Caldecott medal, a book with four 
stories on each two-page spread about which he warns the reader in the 
beginning: “This book appears to contain a number of stories that do not 
necessarily occur at the same time. Then again, it may contain only one 
story. In any event, careful inspection of both words and pictures is rec- 
ommended.” This is a prototype of a book evidencing characteristics of 
the digital environment. Dresang and McClelland (1995) have made the 
following observation: 
David Macaulay has succeeded in creating a transformed picture 
book, a book that maintains the hand-held comfort of the old with 
the mental and visual challenges, nonlinear interactive, thought- 
provoking, multilayered, hypertext experience of the new ....The 
nonlinear book forges a new kind of fiction. It assumes that narra- 
tive is based as much on accumulated impressions as it is on plot 
and character development. Although all interpretation of litera-
ture depends upon reader response, the more choice given to the 
reader by the author, the more important the accumulated impres- 
sions of the reader are. (p. 708) 
There is no one “right” response to the warning Macaulay has intro- 
duced at the beginning of his book. In his 1991 Caldecott acceptance 
speech, Macaulay (1991) said, “it is not necessary to think in a straight 
line to make sense” (p. 346). This is the message of computer age, 
hypertext-familiar children. In his Caldecott talk, David Macaulay con- 
tinues, “it is essential to see, not merely to look  (p. 346) pointing to the 
in-depth involvement readers must have in order to make sense of his 
text, to follow links of their choice as they weave together story. 
Macaulay, since the publication of Black and White, has continued to 
explore nonlinearity of text-e.g., in Shortcut (Macaulay, 1995), a story 
with nine short picture/text chapters. Through words and pictures, the 
reader is actively engaged in tracing events in all subsequent episodes 
back to those that take place in the first. The realization gradually comes, 
although it is not immediately obvious, that “everything counts,” and 
that the reader must be keenly alert in order to “link the various story 
elements. The richness of Macaulay’s literature for youth does not come 
easily. Black and White was ten years in the making. For several years 
Macaulay has worked on a book about the city of Rome, developing a 
number of almost-complete versions, then discarding them as off-track. 
In this creative venture, Macaulay is once again challenging the handheld 
book to exhibit the flexibility of digitized media. His most recent ver- 
sion, with the working title Eternal City, connects Rome with any city. In 
its draft form, it is a book with ten foldouts, a layering of the old and the 
new. “New things,” says Macaulay, “on old things gives significance, reas- 
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surances.” Macaulay’s (1991) work continues to emphasize that “it is not 
necessary to think in a straight line to make sense” (p. 346). Macaulay 
wants his readers to see and make connections, connections that have 
meaning for them. 
Multilayered is a term which is often applied to information or to digi- 
tized media arranged in hypertext structure for the obvious reason that 
often as one travels from one spot to another in the hypertext structure, 
one encounters many layers of information, sometimes bringing more 
specificity to a topic, sometimes relating it to another topic. Multilayered 
is also a term applied to the tiers of intellectual interpretation that can be 
applied to a text. The multilayered nature of the handheld book for 
youth is not so obvious even though, in a certain few books for children, 
layers of meanings or interpretation have existed. Multilayered litera- 
ture is much more prevalent in books for adults. Perhaps this is due to 
the notion that such complexity will confuse children, that they (again in 
adults’ perceptions) need properly to think in a linear logical manner. 
With the advent of multiple layered electronic devices, children have 
demonstrated their comfort level with far more complexity than adults 
previously thought possible or appropriate. The layering of children’s 
literature occurs in various ways but, in each, it calls upon the child to 
become more engaged, to make more decisions, to interact more with 
the text in order to complete the reading experience. 
In the summer of 1996, the Association for Library Service to Chil- 
dren (ALSC) held a preconference called “Connectivity: Kids, Books, and 
the Electronic World.” The speakers were chosen as those whose work 
reflects the influence of the digital world. David Macaulay, whose work is 
not only nonlinear but also multilayered, was the keynote speaker. Sharon 
Creech, author of the 1995 Newbery Medal book, Walk Two Moons, was 
among panelists for the discussion on “Agents of Change.” About Walk 
Two Moons, fifth grader Jerusha Burnett commented: “There are many 
layers of story-a story on top of a story on top of story.” Sharon Creech, 
a teacher of young adolescents, discussed Walk Two Moons at the ALSC 
preconference: 
Sal, it seemed to me as I followed her along, would tell the tales the 
only way she could, following the twists and turns of her mind: mov- 
ing forward, digressing, moving forward again. As she moved both 
forward and back, collage-like images clump and group, and pat- 
terns emerged. 
Some readers will instinctively respond to this collage technique, 
but it probably requires patience on behalf of some other readers. 
Children, however, don’t seem to be impatient with this technique. 
They seem to understand that it will all connect; they have faith; 
they seem to enjoy this piecing together of the collage, and their 
own role in stitching it together. 
Creech has written a nonlinear multilayered “readerly” text. Although 
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she believes that the nonlinear thinking of children is stimulated by art 
and music and many other aspects of life, she observes that: “Anyone who 
has watched children work and play with computers has seen how their 
brains arefiredby these contraptions. Part of the appeal is the playfulness 
of computers: you can tumble with language and images, you can move 
them around and erase them and combine them. And you can do this 
quickly and on your own.” 
A 1996 picture book by George Ella Lyon, illustrated by Peter 
Catalanotto, emulates this multilayered playfulness of the computer screen 
by presenting the happenings in A Day at Damp Camp on each page as 
layer upon layer of rectangular pictures within pictures, a format clearly 
reflecting the digital world. Janet Hickman’s (1994) novel, Jericho, inter-
weaves the lives of twelve-year-old Angela and her great-grandmother in 
a nonlinear nonsequential textual pattern. Konigsburg’s (1996) The View 
From Saturday provides intricate nonlinear weaving of story bits from the 
lives of four sixth-grade Academic Bowl scholars. 
Observation of children reading these nonlinear multilayered texts 
offered them gives anecdotal evidence of their comfort with the hypertext 
structure. Academic research concerning children’s use and interaction 
with hypertext materials is limited and much additional investigation is 
needed. A study by Shin, Schallert, and Savenye (1994) of children’s 
achievement and attitudes using digitized hypertext lays the groundwork 
for further investigation and catalogs some of the complexities in this 
arena. The results of this study show that both low prior knowledge stu- 
dents and those with high prior knowledge can benefit from a hypertext 
environment under certain conditions. 
In observing the increasingly digital world, what is most evident is 
that the linear, sequential, print-oriented experience for acquiring in- 
formation-an expectation of the past-is no longer the predominant or 
favored mode. Where the linear sequential mode continues to exist, it is 
moving to a place within the hypertext structure and hypermedia mode, 
rather than serving as the preferred organizing structure and mode. This 
is recognized in the online environment and, while it is acknowledged to 
some extent for children as well as for adults, it is not as clear that it is 
happening offline as well as on. A handheld printed book can be 
hypermedia, the information transfer vehicle for a hypertext structure. 
THEGRAPHIC OF BOOKSHARACTERISTICS 
Literary books are developing in the digital environment to incorpo- 
rate many of the characteristics that digital storage offers: multilayered, 
nonsequential, nonlinear, interactive presentation of content, often un- 
like traits of most previous literature for youth. But in one sense-i.e., 
the frequent graphic presentation of the digital world-the visual nature 
of books for young children lay as a particularly fallow fertile ground for 
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the radical changes that have come. 
Graphic is a word that has acquired a specialized meaning for the 
digital library. It is not simply clear or vivid presentation, the more ge- 
neric or more common understanding of the term. In this context, graphic 
refers to the pictorial arts-all types of visual presentations and designs, 
including the use of the printed word to represent sound or convey mean- 
ing from the way it looks as part of the pictorial presentation. A book, 
therefore, may be described as graphic and contains no pictures other 
than the arrangement of the words themselves, no words other than the 
words behind the pictures, or a combination of words and pictures. 
Particularly relevant developments are the evolution of the picture 
book and of the comic book. The picture book of the past was regarded 
as easier to understand than written text and thus easier for pre-reading 
by very young children. The comic book of the past, with some good 
reason, was largely disparaged and ignored as encouraging low-level think- 
ing and nonliterary content-i.e., trash. Current thinking on both of 
these forms, as part of the radical change taking place, is turning to the 
realization of the complexity of “reading” pictorial information, includ- 
ing that presented in comic format, and the higher level skills which are, 
in fact, called upon. Concomitantly, the contents of the picture book and 
the comic have become relevant to older as well as to younger readers 
and to those interested in the pleasure of literature rather than simply 
the pleasure of reading. 
WORDSBECOME PICTURES WORDSPICTURES, BECOME 
The importance of the visual/visual verbal interplay in books for the 
very young has been recognized in books for youth since Orbis Sensualium 
Pictus (1672-original edition circa 1657, first American edition 1805) 
by Johann Amos Comenius (1967), which is generally recognized as the 
first picture book for children, other than illustrated alphabet books. Said 
Comenius in the preface, the book will “entice witty children” because “it is 
apparent that Children (even from their Infancy almost) are delighted 
with Pictures & willing to please their eys with these sights.” But wide- 
spread recognition of the overwhelming importance of visual informa- 
tion to youth of all ages has expanded rapidly in the digitized world with 
its readily available, often predominant, visual images. Now enough of 
such books for older youth have appeared to warrant more than nine 
books and articles on the topic in library and education periodicals dur- 
ing the past four years including Gale Sherman’s (1996) Picture Books for 
Older Readers. 
The most comprehensive theoretical look at the picture book for 
youth, Words about Pictures by children’s literature critic Perry Nodelman 
(1988), professor of English at the University of Winnipeg, contains a 
detailed analysis of the complicated and profound relationship between 
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printed word and graphic representation. Nodelman refers to Roland 
Barthes’s use of the phrase “unity on a higher level” which, Nodelman 
explains, is the difference between the words and the pictures, creating a 
significant source of pleasure to the “reader” (p. 209). 
The radical changes occurring in picture books for youth embrace a 
new level of synergybetween words and pictures, a dramatic manifestation 
of this “unity on a higher level” to which Barthes referred, a more sophis- 
ticated, more complex interaction of discrete parts with a total effect, 
differing from the sum of the individual efforts or from the contribution 
of each part standing alone. This heightened verbal/visual relationship 
is one change that characterizes the development of the picture book in 
the decade since Nodelman penned his words. Words are becoming pic- 
tures, and pictures are becoming words. 
In Jon Scieszka and Lane Smith’s (1992) The Stinky Cheese Man and 
Other Fair4 Stupid Tales, the tales are told with the print visually represent- 
ing the intent of various moods and paces within each story-it changes 
color, shape, sizes, and font as the stories dictate emphasis of different 
sorts. Sometimes the words run off the page or bend or break with the 
other visuals. “I’ll grind your bones to make my bread” is in a very large 
type face while “Shhhh. Be very quiet. I moved the endpaper up here so 
the Giant would think the book is over” is much smaller. Often the type 
becomes larger and larger as a story becomes more exciting, more dra- 
matic. In “The Stinky Cheese Man Goes to College,” the title of one of 
his “Carte Blanche” columns in Booklist ,Michael Cart (1995) notes that 
The Stinky Cheese Man was cited not only as a Notable Children’s Books 
and as a Caldecott Honor Book, but “more significantly. . .it was also 
named a Best Book for Young Adults.” Cart acknowledges that “the 
books...have been changing dramatically,” and refers to these picture 
books for older readers as “crossoverers” (p. 695). 
Yumi Heo (1994) plays with the concept of words as pictures in her 
picture book, One Afternoon. Minho and his mother take a walk to do 
simple chores-the story as told by the narrative text is simple, linear, 
straightforward. But the narrative text is not the only text that tells the 
story-embedded in, and a synergistic part of, each picture are words 
that provide the “sounds” of what is happening: the thump, thump, thump 
of the Laundromat, the Reeeeeeeee of the ice cream machine, the MEOW 
of the cats, the WUF, wuf of the dogs; the WHURRA, Whurra of the shoe 
repair shop. And not only are these onomatopoeic words used to evoke 
sound, but they are part and parcel of the visual representation: the 
Thump, Thump goes round and round in the dryers, the Reeeee ema- 
nates from the machine making a milk shake; the WUFS and the MEOWS 
romp around the page with the dogs and the cats. The words have be- 
come pictures, just as they have in Vera Williams’s (1991) More, More, 
More, Said the Baby, a picture book for the very young in which the hand 
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painted words become an integral part of the pictures. 
In Robie Harris and Michael Emberley’s (1994) It’s Perfectly Normal: 
A Book about Changzng Bodies, Growing Up, Sex, and Sexual Health, words 
and pictures present a synergistic collage of information. Lindy Hidy is 
listed as the book’s designer-a partner of increasing importance and 
visibility in graphically sophisticated books for youth, sometimes recog- 
nized on the title page in tandem with author and illustrator. 
This synergy of words and pictures extends a step further. Books which 
are not, in fact, picture books or even illustrated books but which have 
the quality ofwords becoming pictures are another product of the graphic 
environment of the digital age. In Vera Williams’s (1993) Scooter, the main 
character tells her own story in intermingled words and graphics; in Vir- 
ginia Euwer Wolff‘s (1993) Make Lemonade, the print visually represents 
the less-than-linear life of the characters; in Jacqueline Woodson’s (1995) 
From the Notebooks of Melanin Sun, Melanin’s diary appears in italics; and in 
Karen Hesse’s (1996) The Music of Dokhins, the print becomes smaller as 
Mira leaves her life with the dolphins and becomes more integrated with 
the human world, only to reverse when she begins to realize she must 
return to the sea. 
The alteration in picture books cannot be entirely explained by this 
more intricate synergy of words and pictures. In its most radical form, it 
is the beginning of a “language” of nonverbal communication through 
pictures. Wordless picture books for children have existed for many years, 
but in these books the pictures are often merely a prompt for the words 
underlying them. In fact, Nodelman (1988) makes the case that the pic- 
tures alone cannot have the richness of meaning that they have accompa- 
nied by a text which focuses them (p. 211). The most radically changed 
picture book, however, may not be dependent on underlying verbal struc- 
ture but “speaks” ideas for which the verbal language is inadequate. Tom 
Feelings (1995), another participant in the ALSC preconference on kids, 
books, and the electronic world, worked for twenty years creating The 
Middle Passage, selected for the 1996 Coretta Scott King Award. Other 
than the preface, there are no words in this sophisticated graphic history 
of the enslaved Africans’ crossing of the Atlantic in ships filled with hu- 
man misery, cruelty, and suffering. Says Feelings of his years of research 
for this book and of his choice to use pictures for words: 
Enthusiastically I started reading everything I could find on slavery 
and specifically the Middle Passage ....I expected the descriptions of 
the horror of the slave forts and the inhuman treatment on the jour- 
ney aboard the slave ships. But some of the writers’ overbearing 
opinions, even religious rationalizations and arguments for the con- 
tinuance of the slave trade made me feel, the more words I read, 
that I should use as few words as possible, if any. Callous indiffer- 
ence or outright brutal characterizations of Africans are embedded 
in the language of the Western World. It is a language so infused 
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with direct and indirect racism that it would be difficult, if not im-
possible, using this language in my book, to project anything black 
as positive. This gave me a final reason for attempting to tell the 
story through art alone. (p. 3) 
Feelings’s book is not only visually representing a period in history about 
which he intends to convey factual information, but he is purposely avoid- 
ing the use of words-the illustrations cannot be interpreted by words 
but by experience. This picture book for older readers forces a new level 
of graphic experience in books for youth. 
Nodelman (1988) reviews research which contradicts the general 
adult understanding that pictures are easy-easier than words-to “read,” 
and demonstrates that, in fact, picture books “imply a vast sophistication 
in regard to both visual and verbal codes” (p.21). According to Nodelman, 
many picture books, including a number with subject matter for the very 
young which he analyzes, imply that the viewer is “both very learned and 
very ingenious” (p. 21). The digital electronic world has provided a mi- 
lieu for bringing attention to the sophistication of visual information, 
but the printed picture book for children has provided a vehicle in which 
application of this realization can be and is being played out. 
THEGRAPHICNOVEL 
Gaphic  novel is the nomenclature applied to narrative fictional litera- 
ture in comic book form. According to Weiner (1992), graphic novels 
contain few superheroes but rather they are “concerned with ordinary 
people experiencing struggles similar to the conflicts found in more ac- 
ceptable forms of young adult literature” (p. 269). Weiner records the 
mature nature of some of these novels. The proliferation of graphic nov- 
els for youth is documented, in part, by the appearance of several articles 
and bibliographic round-ups on the topic in Voiceof Youth Advocates since 
1992. Understanding Comics, by Scott McCloud (1993), presented in comic 
strip form, speaks to the history of comic book art, applying to picture 
books the same type of analytical framework that Nodelman does. Many 
of the same principles are articulated for what is, in essence, a specialized 
form of picture book. 
The study of the graphic novel extends the discussion beyond the 
relationship of words and pictures to the relationship of both to the space 
in between the panels which have neither. In “Blood in the Gutter,” 
(McCloud, 1993, pp. 60-93), the interweaving of print and electronic 
concepts begins to emerge more clearly, for the lexias in hypertext struc- 
ture are somewhat analogous in terms of demands on the reader to the 
frames of the comic in the graphic novel with space and “gutters” in be- 
tween. “Our perception of reality,” says McCloud, “is an act of FAITH, 
based on mere fragments” (p. 62). While this is entirely and evidently 
true of life, many have not been able, on the one hand, to accept this 
space with neither words nor pictures in constructing a piece of literature 
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for young people or, on the other, to recognize its significance for forc- 
ing the use of thinking powers in the comic book format. McCloud ana- 
lyzes comic strips for their varied use of transitions across gutters, some 
of which-e.g., aspect-to-aspect and non sequiturs-are more demand- 
ing than the more typical action-to-action, demonstrating the potential 
use of the gutters. Muus: A Survivor’s TubI (Spiegelman, 1986), an Ameri- 
can Library Association best book for young adults, and its sequel Muus: 
A Survivor’s Tub II (Spiegelman, 1991) are autobiographical graphic 
novels focusing on Spiegelman’s father’s experience in a concentration 
camp. Told with mouse characters, these graphic novels follow the more 
sequential comic patterns, but an anthology of Spiegelman’s works, ac- 
cording to McCloud (1993), shows the full range of techniques (p. 77). 
Avi, an author for young people, frequently experiments with inno- 
vative forms-e.g., letters, diaries, news articles-rather than linear text, 
that are becoming more conimonplace in the digital environment. He 
and illustrator Brian Floca used the comic book form in the mystery tale, 
City of Light, City ofDurk (Avi, 1993). Richard Jackson, formerly with Or- 
chard Books and now with a new fiction division of DK books, has edited 
numerous “radically changed books including City of Light, City of Dark. 
The use of the “gutter” or the white space in the comic strip has a 
relationship to the concept of lexias in hypertext. A part of the graphic 
environment is the use of more open space for the reader. As the reader 
becomes more involved, ‘‘think to think is visually built into books. The 
DK information books provide this space. One ten-year-old reader of 
Hesse’s (1996) The Music of the BlueDolphinsobserved that “the short chap- 
ters focused on one topic give you time to think in between.” A graduate 
student reading Sandra Cisneros’s (1995) The House on Mango Street made 
the same comment, musing that the white space before and after each 
short vignette gave her time to “contemplate what she had read and pre- 
pare for what was to come.” In computer programming language there 
is no such thing as a “blank space.” In a word processing script there is a 
code for a blank space of the same type as that for a letter. Perhaps this is 
another embedded influence of the digital world-the increased use of 
white or unfilled space to provide meaning in books for children. 
The graphic novel is a form of verbal/visual expression that is cur- 
rently growing in the realm of literature for youth. Though not yet wide- 
spread, this format is finding its way into the accepted literature of the 
digital age. It is another form whose growing acceptance after years of 
rejection may be related to the graphic nature of much communication 
in the electronic world. 
POSTMODERNISM CHANGEAND RADICAL 
The digital environment has come to pass in the postmodern arena. 
Modernism, with its dreams of perfectibility, came to an end in the mid- 
656 LIBRARY TRENDS/SPRING 1997 
twentieth century. It is not within the purview of this article to examine 
the complex relationships between postmodernism and radical change 
as the focus here is solely on the digital environment. There is, indeed, 
overlap between the characteristics of postmodernism, those of the digi- 
tal environment, and those of the radically changed literature-e.g., open-
endedness, reinvention of form, playfulness. Dresang examined some of 
these in a paper, “Radical Change in Contemporary Children’s Litera- 
ture: Postmodernism and Beyond” presented at the Children’s Litera- 
ture Association Conference, June 1996. A more thorough examination 
will appear in her forthcoming book (Dresang, in press). Suffice it to say, 
however, that postmodernism and radical change part company on the 
tenets of connectivity, of relationships, and of in-depth layers of meaning 
which are avowed as essential elements of the latter but are not necessar- 
ily or consistently claimed as characteristics of the former. 
CRITICISM, AND APPEALWITHIN THE FRAMEWORKEVALUATIO , OF 
RADICAL CHANGE 
The literary elements of plot, character, setting, style, and tone with 
which children’s literature has been critiqued by scholars and evaluated 
for purchase by practitioners must be looked at in a new light with the 
change of the books. The concepts of “radical change” lead to a new 
framework for this examination. The framework in this essay takes into 
account only one of the three types of radical change, a type which alters 
the perspective on plot and style more than on character, setting, and 
tone. New attributes such as nonlinearity, pictures becoming words and 
words pictures, and complexity must be juxtaposed with the time-hon- 
ored properties of linearity, distinct delineation of text and illustration, 
and simplicity, for example, in order to obtain a complete understanding 
of a book. Adults who apply only the traditional criteria are not as likely 
to appreciate the radically changed literature or to recognize its appeal 
to, and significance for, youth. 
In Genie in theJur, a collaborative effort by illustrator Chris Raschka 
and poet Nikki Giovanni (1996), the symbiotic nature of the pictures as 
well as the open ended “readerly” ending of the picture poem place it in 
the realm of books influenced by the digital age. The following portions 
of an analysis by Dresang (1996a) illustrate how it might be described: 
Take a note/and spin it around/spin it around/don’t/prick your 
finger . . . weave the sky/around the Black loom/around the Black 
loom.” Nikki Giovanni’s lyrical words and Chris Raschka’s bold col- 
ored images on textured golden-brown paper are symbiotic, each 
brilliantly interpreting, transforming the other. In sparse terms and 
images that are not only concrete and accessible to a child but also 
resonant with echoes of deeper meaning, these two artists depict 
the symbolic strength of the universe (the sky), the musical genius 
found in the Black culture (the note), and the supportive commu- 
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nity formed by Black women (the Black loom). The folk tale image, 
“don’t prick your finger,” ties the story poem to the oral tradition. 
Throughout, color conveys meaning: words of warning, “don’t” and 
“careful baby,” appear on a stark white background, the safety of the 
community is revealed against a rich black, and the joyful indepen- 
dence of the child against golden yellow. By the end, the youthful 
“genie”is ready to be released from the comfort of her figurative jar. 
Infused with the strength of her culture and the love of her mother, 
the little girl has the inner resilience to face confidently any dangers 
she might encounter. The complex yet simple visual representa- 
tions resembling a child’s own art, the cumulative nature of the verse, 
and the lively figures dancing across the pages will lure children to 
repeated readings. Here the love and comfort of family and com- 
munity not only protect, as in so many books for children, but also 
empower (“listen to her sing”). Though they may not be able to 
articulate the deep symbolic nature of these words and pictures, 
children will recognize the love, joy, safety and respect found in this 
outstanding poetic picture book. 
The words at the end of the poem continue the woman’s warning to the 
young girl, “don’t prick your finger” (p. 32), perhaps implying to the 
reader that she is in the same implied danger she was in when the book 
began. But the visual representation of these words symbolically depicts 
the young girl as confident, having internalized the blue “sky” and the 
past as well as current strength of community. Some adults have declared 
this book puzzling. A group of twelve young adults, ranging from fifth to 
eighth grade, spent one-and-a-half hours discussing this book, discover- 
ing and articulating the multilayered meanings which the merger of words 
and pictures convey. To them, the many complexities were intriguing 
and at the end of the discussion time they did not want to stop. This is a 
picture book which seems simple and the style of which is “child-like 
art.” Knowledge of what is happening to books for youth is a crucial ele- 
ment in appreciating and anticipating the depth of their responses to 
radically changed books, at first glance, young, simple, and puzzling, such 
as Genie in theJar. 
Another book which adults, applying only traditional criteria, have 
found disturbing is Maurice Sendak’s (1993) We Are All I n  the Dumps With 
Jack and Guy. In the three years since its publication, scholarly analyses of 
this book by Neumeyer (1994), Donovan (1994), and Sipe (1996) have 
appeared. The academic critics have recognized and appreciated the 
multilayered nature of this book, unusual though it is in a picture book 
for children. Although reviewer Brian Alderson for the New York Times 
would rather have children “dancing round the maypole with the real 
Randolph Caldecott,” he acknowledges that: “Children are as quick at 
do-it-yourself deconstruction as the rest of us, and they will find their own 
stories to tell and their own visions in Mr. Sendak’s somber picture show” 
(p. 12). The “plot” which is clearly conveyed by the graphic illustrations 
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of two previously obscure nursery rhymes leaves the child protagonists 
living in a dump, although if one accepts that the cover is really the end 
of the book and vice-versa, the children have found shelter in a cave sym- 
bolically formed by the protector moon. Unexplicated “leaps” in the 
illustrations take place-e.g., the ever watchful moon becomes a cat. 
Alderson is right: children are able to handle this demanding involve- 
ment and in fact they enjoy it-whether in similar settings or not. A fifth 
grade teacher from Omaha, Nebraska, reports in the September 1995 
issue of Rook Links that her students wanted repeated readings of this 
book. One of the children said, “I liked this book a lot, but some adults 
won’t like it at all. Adults who are really serious won’t want kids to read 
this book (p. 11). At the Ohio State Children’s Literature Conference, 
February 1995, a third grade teacher from inner city Chicago spoke about 
how much this book means to her students: they write letters to Jack and 
Guy whom they consider their friends. 
The critique of Genie in the Jar and the review of We Are All in the 
Dumps With Jack and G u y  take into account the changed literature for 
youth, acknowledging their positive aspects or appeal to children. It is 
essential to recognize these elements of design and presentation in order 
to fairly evaluate literature that will draw children in much as the digital 
representations in electronic form do. 
Is THE HANDHELDBOOKA VIABLEFORMIN THE DIGITALWORLD? 
The expansion of literature for children in varying forms and for- 
mats has not decreased the availability or profitability of the handheld 
book. CCRC Choices, an annual publication of recommended children’s 
books published by the Friends of the Cooperative Children’s Book Cen- 
ter in Madison, Wisconsin, has a section called “Observations About 
Publishing in 19. . .”. A summary comment on publishing in 1995 which 
appeared in the edition of CCBC Choices 1995 (published spring 1996) 
notes that “Children’s Rooks I n  Pm’nt lists 100,875 books ‘published in the 
U.S. for children and currently available for purchase,’ an amazing in- 
crease of more that 6,545 titles from one year earlier” (p. 8). In addition: 
“During the past five years, the number of children’s books in print in 
the U.S.A. has increased by 44,607” (p. 8). In commenting on this in- 
crease, editors Homing, Kruse, and Schliesman (1995) note that: “[Tlhe 
increase in the number of books published during the 1990’s represents 
decisions made by U.S. publishers to invest in children’s books. Such an 
investment was made with the expectation that in all parts of the nation 
people are eager and ready to buy books for the young” (p. 20). The 
expanding proceeds from the juvenile market can be verified by the quar- 
terly reports over the past five years in PublishingResearch Quarter@ Fore-
casts in Publisher’s Weekly state that “total consumer spending on children’s 
books is forecast to top $3 billion in 2000, a 35.5% increase over 1995” 
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(Milliot, 1996, p. 30). 
These statistics, of course, do not single out literary publications as 
opposed to others, and assurance that these publications “having excel- 
lence of form in expressing ideas of widespread or long term interest” 
will continue to occupy a significant place in book publishing for chil- 
dren is a crucial reason to recognize and be able to evaluate the radical 
changes taking place with literature for youth in the digital world. 
WHATDOES HOLD PRINTEDTHE FUTURE FOR HANDHELD 
CHILDREN’S IN THE DIGITIZEDLITERATURE WORLD? 
The construct of radical change as an approach to analyzing and 
understanding literature for youth is only partially explained in this es- 
say. To apply this framework as one adequate for in-depth criticism, the 
entire construct must be understood as presented by Dresang and 
McClelland (1995,1996) and expanded upon in Dresang’s book (in press). 
The influence of the digital literature on literature for youth presented 
here, however, would suggest that: 
1. 	 Those approaching the criticism of children’s literature from a schol-
arly point of view or the evaluation and selection of children’s litera- 
ture from a practical point of view will take account of the constructs 
of radical change in order to experience an appropriate holistic con- 
text for the examination. 
2. 	 Children will emerge more and more from the dominance of a limit- 
ing adult definition of their capabilities and, in doing so, their abili- 
ties to be active partners in the choice and shaping of reading experi- 
ences will be further reflected in how their handheld literature is 
structured. As Sherry Turkle (1995), professor of the Sociology of 
Science at the Massachusetts Institute of Technology and a licensed 
clinical psychologist, says in her Life On the Screen, “it is our children 
who are leading the way, and adults who are anxiously trailing be- 
hind” (p. 10). If children are leading online as they choose and in- 
teract with resources, their offline literature will reflect their profi- 
ciency at participating in an interactive collaborative information-seek- 
ing process. “The creators of these books for the digital child share a 
profound respect for their child audience-some considering the child 
very carefully and with great insight and others without consciously 
attending to who that audience is” (p. 4). None ascribes to the “other” 
positions enumerated by Perry Nodelman. None writes down to a 
child’s level; in fact, many state that they regard the child as a very 
complex being. 
3. 	 Printed handheld literature will continue to be calibrated to changes 
in the electronic environment (the aspects of the digitized environ- 
ment which are affected by the qualities of print have not been scru- 
tinized here but will also continue to be present). “The purpose of 
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computers is human freedom,” says Nelson (1992, p. 43). No less so 
is the purpose of handheld books, and this purpose takes on new 
dimensions when incorporated with compatible characteristics of the 
digital world. 
4. 	 The continuing radical changes in children’s literature will follow a 
rhizomic pattern, a nonlinear, nonhierarchical alteration,just as many 
of these changes exhibited now have sprung up not as further devel- 
oping linear trends but as outgrowths of an organic whole. 
Applying radical change as a basis for literary criticism and anticipat- 
ing a rhizomic pattern of communication suggests that literature in many 
forms of print and electronic media will survive independently and in 
combination. This construct makes the perceived polarity between lit- 
erature in a digital form and handheld literature in a printed form un- 
necessary: both will find a place to sprout and thrive as separate entities as 
well as in multimedia packages. Both will be increasingly “readerly,” that 
is, bringing the reader into the process of creation. The delivery mecha- 
nisms for the handheld book, indeed, may change, but in a way that will 
make it more rather than less accessible to the reader. Marc Aronson, 
senior editor at the Henry Holt Publishing Company, and who has of- 
fered courses in electronic publishing at New York University, suggests 
that the contents of books in the future may be transmitted electronically 
and printed for the reader in a familiar handheld format on demand. 
Indeed, “connections replace collections in our thinking” (Lacy, 1993, p. 
15). But the handheld book, albeit radically changed and however it 
may be delivered, will continue to occupy a prominent place in the digi- 
tal library for children, and changes occurring to this literature must be 
understood in the context of the digital environment. 
NOTES 
It is important to note that most of these histories of childhood and children’s literature 
focus on children of northern European ancestry, often males and often from well-to-do 
families (Hawes and Hiner [19851have a chapter by Margaret SLasz on Native American 
children). How the generalizations stated might differ for children who do not fit this 
profile is not addressed here because of the limited nature of the essay but is acknowl- 
edged. The effect of the contemporary digital environment, however, is hroad-based in 
that virtually all children have contact with television, video games, and the widespread 
digitization in daily life. 
Burnett has proposed a theory of hypertextual design and, in describing it, extends her 
work to examining hypertext as a natural mode of expression for feminist writers and 
writers of color. She examines, for example, the work of Gertrude Stein, Amy Tan, 
Maxine Hong Kingston, and Zora Neale Hurston and finds the nonsequential weaving 
together of story. This analysis is significant because much of the theory of hypertext 
and writing in hypertext form has been attributed to men while Burnett (1993) finds it a 
natural mode of expression for women. 
Paul Fleishmann related this to the author in response to a question posed by the author 
at the Ohio State Children’s Literature Conference, February 1995. 
3 
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Digitized Primary Source Documents 
from the Library of Congress in 
History and Social Studies Curriculum 
EVACHEN,CORINNAFALES,AND JULIE THOMPSON 
ABSTRACT 
THE LIBRARY OF CONGRESS(LC) NATIONAL LIBRARYDIGITAL, is digitizing collec- 
tions of primary source materials and making them available on the World 
Wide Web. EDC Center for Children and Technology (CCT) has been 
working with the Library of Congress to help make these materials acces- 
sible and useful to educators teaching American history, social studies, 
and language arts. This article, based on CCT research, discusses some 
of the pedagogical and technological challenges of using digitized pri- 
mary sources in the classroom. 
INTRODUCTION 
Imagine browsing through a series of photographs taken by Matthew 
Brady during the Civil War or reading some of Walt Whitman’s note- 
books-in his own handwriting. Traditionally stored in musty archives, 
primary source materials such as these have only been available to people 
who could make a special trip to access them. But a number of govern- 
ment and university libraries around the world are digitizing their collec- 
tions and making them available on CD-ROM and the World Wide Web. 
The two sets of materials mentioned above are from the Library of Con- 
gress (LC) ,which has digitized some thirty collections of primary sources 
in US.  history to date through its National Digital Library, including pho- 
tos, films, pamphlets, oral histories, and political cartoons. 
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At the Center for Children and Technology (CCT), we have spent 
the past year watching teachers use the Library of Congress collections. 
Supported by the Kellogg Foundation, LC asked CCT researchers and 
curriculum designers to help them understand what roles these kinds of 
online resources can play in history and social studies curricula, and what 
kinds of support educators and students need to use them well. 
Teachers, we’ve found, are enthusiastic. After years of teaching with 
textbooks cobbled together so as to offend no one, and with the often 
inadequate resources of small school libraries, classroom teachers, librar- 
ians, and media specialists with World Wide Web access can now engage 
students in authentic historical inquiry. Instead of consuming predigested 
accounts of historical figures and events, students get fragmentary and 
detailed pieces of evidence that historians themselves use as building blocks 
in fashioning their narratives. At their best, these fragments are vivid and 
personal-a letter, a domestic photograph-in ways that intrigue students 
and provoke questions and curiosity. For teachers who have taught the 
Civil War through textbooks and lectures, for instance, the Brady pho- 
tos-views of battlefields, but also portraits of slave “contrabands,” docu- 
mentation of military technology, and images of what daily life was like 
for common soldiers-open new windows onto an old subject, and new 
avenues for their, as well as that of their students’, curiosity and research. 
CCT’s mission is to understand and develop the roles that new me- 
dia can play in changing education, making it more learner-centered, 
more rigorous, more collaborative, and more inquiry-based. In working 
with the Library of Congress to make its vast archives of online primary 
sources useful for K-12 educators, we undertook several areas of work. 
First, we mapped the connections between the library’s collections and 
the K-12 curriculum in history, social studies, and language arts. Second, 
we developed sample lesson plans that would model ways of using pri- 
mary sources to build narrative understanding of history, strengthen criti- 
cal thinking skills, and help students make connections between history 
and their own lives. Third, we field tested the model lessons in a variety 
of classrooms in order to understand the challenges and opportunities 
that teachers and students face in using these materials. Based on what 
we learned in these activities, we have designed software tools to support 
students’ and teachers’ work with primary sources and have also begun a 
substantial teacher professional development effort, using both face-to- 
face and online workshops and seminars. 
The great promise of online resources for classroom inquiry is im- 
mediacy-students’ ability to search and find materials as the need for 
them arises, at the point of intellectual purchase or, as educators are fond 
of saying, at the “teachable moment.” Student use of the collections for 
collaborative inquiry, even posting and sharing of history monographs, is 
one of CCT’s ultimate goals in working with LC. But the current realities 
of access for the vast majority of classrooms make this ideal difficult to 
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realize. The number of computers available to a class of thirty is often 
small. The level and reliability of Web connectivity varies widely. Search 
engines are not learner friendly, and it can take students quite a while to 
find the kind of information they are seeking. 
These challenges are common to many digital resources. The peda- 
gogical challenges of using primary sources in the classroom are more 
novel. Our research with students and teachers focused, therefore, on 
the use of primary source documents as recommended in the six model 
lessons rather than on the technology. Kids worked with paper print-outs 
of the documents. We did not focus on the technology-how teachers 
and students access and search the online collections-because, for the 
classrooms we worked with, such access was not possible. Accordingly, 
teachers were introduced to the technology, to the online library collec- 
tions, and to model lesson plans that had been built around selected texts. 
Some teachers chose to supplement the selected texts with others they 
found themselves. But all student work with primary sources involved 
print-outs from the Web, not real-time Web access. The computer’s pri- 
mary function was thus to deliver nontraditional learning materials, ma- 
terials that were available only to scholars just a short while ago. We were 
interested in students’ use of new kinds of historical resources made avail- 
able by the Web, not the Web itself. 
The account below is drawn from our observations of one class that 
participated in the study. It offers a good example of the kinds of ques- 
tions that can arise when students confront primary sources and one 
teacher’s approach to facilitating the inquiry process. 
THELESSON 
The lesson was based on a text document from LC’s collection of 
African American Pamphlets-What Became of the Slaves on a Southern 
Plantation? Great Auction Sale of Slaves. It is an account of an 1859 
Savannah slave auction written by a northern abolitionist, Q. K. Philan-
der Doesticks. The twenty-page narrative quotes from the catalog for the 
auction (listing slaves’ names, jobs, and prices) and offers vivid descrip- 
tions of the auction itself, written so as to move northern readers to moral 
indignation and protest. 
CONCEPTUALGOALS 
The conceptual goals of the lesson are for students to understand: 
1. 	 the economics of a slave auction and hence the economic func- 
tion of slavery in the rural south; 
2. 	 slavery’s impact on African Americans and their families; and 
3. 	 the perspective of a northern abolitionist on slavery and how 
African American perspectives might differ. 
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PEDAGOGICALFORMAT 
The format of the lesson is designed to address the fact that the origi- 
nal primary source document is twenty pages-too long for the typical 
middle school or even high school class to deal with productively. The 
text is therefore broken up into several pieces, each of which offers a 
different kind of testimony about the slave auction: 
excerpt from the slave auction catalogue, which offers evidence of 
the names, jobs, and prices asked for slaves; 
descriptive passages, which convey information about the context and 
consequences of the auction; and 
point-of-view passages, which highlight the abolitionist narrator’s 
overall perspective on slavery. 
Also, since African Americans have no active voice in the text, an oral 
history interview with a former slave girl from the library’s WPA life histo- 
ries is included to provide a point of comparison. 
Each of these types of text anchors a different mode of using primary 
sources: analyzing data to find out how an institution works, reading closely 
for context and meaning, and finding evidence for an author’s point of 
view. A mix of whole-group and small-group strategies is suggested, and 
sample questions are supplied for teachers and students. 
The initial activity around the auction catalog was a whole group 
activity, the goal being for students to use the numerical data in the pas- 
sage to understand what made a slave valuable to white planters. Guiding 
questions for discussion were supplied to teachers. 
The second activity, based on the descriptive passages, was a small- 
group activity. Each group reads a passage about the background of the 
auction and its effects on the people involved and discusses the questions 
provided at the end of the passage. Following this, they share what they 
have learned with the larger group, either through whole class presenta- 
tion and discussion or by creating written “exhibits” that other students 
read. 
In the final exercise, students read and answer questions on passages 
underscoring the abolitionists’ point of view and compare them to the 
voice of an ex-slave. This exercise can be conducted either as a whole- 
group or small-group activity. 
A SEVENTH CLASS: AND HERCLASSGRADE THE TEACHER
There are thirty-three students in this social studies class in a pro- 
gressive school in Manhattan with a diverse student body. Five are black, 
six are Asian, and two are Latino. According to their teacher, Julie, the 
students are very curious and motivated to do well in school. They have 
a good educational background and good skills, and Julie regards it as 
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her task to challenge and stimulate them. 
She describes her teaching style as “very diverse” with an emphasis 
on process. Sometimes she talks to her students in class and has them 
answer questions, while in other classes she gives them instructions and 
has them work in small groups to discover or learn something for them- 
selves. 
Julie has had considerable experience working with primary source 
materials and often makes up packets of them for her students-photo- 
copying excerpts or photographs. She also creates situations where stu- 
dents review various kinds of source materials and, after figuring out 
whether they are primary or secondary, discusses what they can learn from 
different kinds of sources. Her goal has been to let the students acquire 
a sense of history and draw their own conclusions without the interpreta- 
tions of others; her hope is that they will gradually develop the skills 
needed to analyze primary source materials by themselves. 
The biggest problem Julie encounters in using these sources is the 
time it takes to locate and acquire them. She finds it too time-consum- 
ing, for example, to read an entire book of slave narratives just to select 
the three or four she wants her students to read, and says it would be very 
helpful if primary source materials were categorized in some way so she 
could access them easily. In addition, it is difficult for her to find them in 
a pristine state or in their entirety; many of the materials her students 
have found contain some historian’s interpretation. 
Slave Auction Catalog 
Julie introduced the lesson by asking the class what an auction was 
and then explained that the purpose of an estate auction was to sell off 
the property belonging to a person at the time of their death in order to 
pay off their outstanding debts. She passed out the slave auction catalog 
(see figure 1) to the students, and told them that slaves were sold the way 
we sell objects today-i.e., as property. 
When each student had received a copy of the catalog, Julie read the 
introduction aloud in accordance with the lesson plan and asked how 
they thought the bidding process might have worked to arrive at a final 
price. One student thought older slaves cost more, while others thought 
age did not necessarily matter. Julie told them that slaves were sold as a 
group and had students work in groups of four to answer the following 
questions suggested in the lesson plan: ( 1 )  How were the slaves grouped? 
(2) Which group cost the most? ( 3 )  What things brought the price of a 
slave up or down? (4)What does “prime” mean? (5) Why were cotton 
and rice the primary skills people had? 
The students wrestled with what formula to use in determining the 
cost of slaves. They saw that slaves were grouped by family and were not 
sure whether cost should be defined by the total amount of a given group 
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NAME AGE RE-
103-Wooster 45 hand, and fair mason. 
104Mary 40 cotton hand. 
Note: Sold for $300 each 
105-Commodore Bob aged rice hand. 
106Kate aged cotton. 
107-Linda 19 cotton, prime young woman. 
108-Joe 13 rice, prime boy. 
Note: Sold for $600 each 
109-Bob 30 rice. 
110-Mary 25 rice, prime woman. 
Note: Sold for $1,135 each 
111-Anson 49 rice, ruptured, one eye. 
112-Violet 55 rice hand. 
Note: Sold for $250 each 
Figure 1:Excerpt from the Catalogue of Slaves To Be Sold 
Excerpt from “What Became of the Slaves on a Southern Plantation? Great 
Auction Sale of Slaves,” by Q.K. Philander Doesticks. Published in The Tribute, 
an abolitionist newspaper, in 1863. Source: Library of Congress collection of 
African American Pamphlets. http://lcweb2.loc.gov/ammem/aap/ 
aaphome.htm1 
or the average cost per person. One group did some calculation and 
agreed the definition of cost should be based on the total for the cluster. 
Students also thought that male slaves who were young and strong would 
sell for more than those who were not, while physical illness, old age, and 
disabilities would lower cost. 
Another group of students discussed the word “prime,” defining it as 
“the good years.” Two students argued about whether prime was related 
to age, while another thought it depended on how well you could work, 
regardless of age. A fourth believed that age had to be connected to the 
definition of prime, and substantiated this by referring to the catalog, 
where a fifty-five year old slave had sold for very little, while another was 
sold as prime. In the end, the group agreed they needed to define an age 
range. 
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Group Presentations 
Julie then asked a group to read their answers to the class and com- 
ment on what affected the price of slaves. One student said she had looked 
through the catalog and found that men cost more than women, while 
another commented that lack of skills reduced cost. When Julie asked 
why cotton and rice were the slaves’ primary skills, one student replied 
that these were the main crops of the plantations in the area, and Julie 
emphasized that the region’s entire economy was based on these crops, 
and that the skills slaves possessed were necessary to sustain it. 
Then she asked the class to pay attention to Anson and Violet, who 
were listed as #111 and #112 in the catalog and sold for $250 each. She 
read their story aloud. Anson was described as “ruptured” and having 
one eye while Violet was sold as sick. The buyers declared Violet would 
die within three months and said, “I won’t have nothing to do with her- 
don’t want any half-dead Nigger about me.” After hearing this, one stu- 
dent remarked that slaves were not treated as people but as merchandise: 
“It was like you went to a store to buy a CD. You wouldn’t want to buy a 
CD that had been hit by a baseball bat.” 
The students struggled to make sense of slavery and understand the 
slave owners. One thought peer pressure may have contributed to the 
way owners treated their slaves, while another thought that owners did 
not consider what they were doing as wrong, or rationalized it by believ-
ing they were helping people whom they regarded as unable to live with- 
out them. Other students thought slave owners might have felt what they 
were doing was wrong but did it anyway-just as they themselves some- 
times did things they knew to be wrong, and a black student thought 
slavery had lasted so long because people thought it was the way things 
were supposed to be: If you were taught since early childhood that blacks 
were no good, you would be likely to think that way all your life. When 
one student pointed out that slave owners could not stop using slaves 
because they required the labor for their plantations, Julie reiterated that 
slavery was an economic institution that affected both blacks and whites, 
and that the slave trade was a very profitable and important industry upon 
which the economy and many people’s lives depended. 
Reading of Primary Texts 
The instructor then passed out to each group five excerpts from the 
text, assigning each group to read one passage and answer the questions 
at the end. She told them they did not have to arrive at an agreement. 
This portion of the lesson plan demonstrated nicely how primary 
source material provided support and lent credibility to students’ argu- 
ments. The students frequently referred to the passages for answers and 
were often able to find the exact words which supported their claims. 
For example, when one group read how traders treated slaves during the 
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days before a sale and a white student remarked that they could not say 
slaves were treated badly, a loud chorus of disagreement arose: Students 
referred to the text, which stated that slaves slept on the ground and were 
not given enough food. What care they received was strictly in the slave 
owners’ interests who just wanted them alive until they were sold. 
Group Presentation of Text 
During group presentations, Julie was more active, asking questions 
to test the students’ understanding. She read aloud the passage about 
different kinds of jobs the slaves had and then began a discussion about 
what other skills slaves might have had that were not mentioned in the 
text and why. Some students said cooking and the care of children were 
not included because it was taken for granted that slaves had these skills. 
Several discussed why no blacks became doctors. 
Julie asked a student to read the next passage aloud, which described 
the separation of slaves and the pain it caused them. She asked the class 
why the word “nigger” was in quotations and was told it was because the 
text was written by northerners, who wanted to use the right term. Then, 
since time was up, she assigned a passage about the love story of two 
slaves named Jeffrey and Dorcas (see figure 2) as homework. 
Reading a Love Story 
At the beginning of the next class, Julie told the students to take out 
the passage about Jeffrey and Dorcas, and their answers to the questions 
that followed it. She reminded them that slavery was part of the economy 
and that this passage was about its impact on a black family torn apart by 
a slave auction. One student wanted to know who had written the story. 
Julie told him it was a northern abolitionist and reminded them to keep 
in mind the author’s point of view. 
The story was powerful, and the class seemed very attentive and af- 
fected by it. Several students read portions of it aloud but had difficulty 
pronouncing some words. When they had finished, Julie asked why the 
competition for the slave Jeffrey was stiff. After a few students voiced 
their opinions about it, the students resumed their struggle to under- 
stand the horrors of slavery. One black student, for example, said it was 
hard to imagine families being separated so callously; he could not have 
slept if he had been there and seen the tears running down their faces. 
He asked how slave owners could handle it. Julie, too, said she couldn’t 
imagine families being sold away like that. She asked them what they 
learned from the story. A white student replied that she had learned 
three things: first, that slavery could break love; second, that the master 
tried to please Jeffrey-he tried to buy Dorcas; and third, that the master 
didn’t listen to Jeffrey no matter what he said. Other students did not 
believe the master tried to please Jeffrey or buy Dorcas. A black student 
said the master had just wanted to appear nice, while another expressed 
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..Jeffrey was sold. He finds out his new-master; and, hat in hand, the big 
tears standing in his eyes, and his voice trembling with emotion, he stands 
before that master and tells his simple story, praying that his betrothed 
may be bought with him. Though his voice trembles, there is no embar- 
rassment in his manner; his fears have killed all the bashfulness that would 
naturally attend such a recital to a stranger, and before unsympathizing 
witnesses; he feels that he is pleading for the happiness of her he loves, as 
well as for his own, and his tale is told in a frank and manly way. 
‘‘I loves Dorcas, young Mas’r; I loves her well an’ true; she says she 
loves me, and I know she does; de good Lord knows I loves her better than 
I loves any one in de wide world-never can love another woman half as 
well. Please buy Dorcas, Mas’r. We’re be good sarvants to you long as we 
live. We’re be married right soon, young Mas’r, and de chillun will be 
healthy and strong, Mas’r, and dey’ll be good sarvants, too. Please buy 
Dorcas, young Mas’r. We loves each other a heap-do, really true, Mas’r.” 
Jeffrey then remembers that no loves and hopes of his are to enter 
into the bargain at all, but in the earnestness of his love he has forgotten 
to base his plea on other ground till now, when he bethinks him and con- 
tinues, with his voice not trembling now, save with eagerness to prove how 
worthy of many dollars is the maiden of his heart: 
‘Young Mas’r, Dorcas prime woman-A1 woman, sa. Tall gal, sir; long 
arms, strong, healthy, and can do a heap of work in a day. She is one of de 
best rice hands on de whole plantation; worth $1,200 easy, Mas’r, an’ fus’rate 
bargain at that.” 
The man seems touched by Jeffrey’s last remarks, and bids him fetch 
out his “gal, and let’s see what she looks like.” 
Jeffrey goes into the long room, and presently returns with Dorcas, 
looking very sad and self-possessed, without a particle of embarrassment 
at the trying position in which she is placed. She makes the accustomed 
curtsy, and stands meekly with her hands clasped across her bosom, wait- 
ing the result. The buyer regards her with a critical eye, and growls in a 
low voice that the “gal has good p’ints.” Then he goes on to a more minute 
and careful examination of her working abilities. He turns her around, 
makes her stoop, and walk; and then he takes off her turban to look at her 
head that no wound or disease be concealed by the gay handkerchiee he 
looks at her teeth, and feels of her arms, and at last announces himself 
pleased with the result of his observations, whereat Jeffrey, who has stood 
near, trembling with eager hope, is overjoyed, and he smiles for the first 
time. The buyer then crowns Jeffrey’s happiness by making a promise that 
he will buy her, if the price isn’t run up too high. And the two lovers step 
aside and congratulate each other on their good fortune. But Dorcas is 
not to be sold till the next day, and there are twenty-four long hours of 
feverish expectation. 
Excerpt from “What Became of the Slaves on a Southern Plantation? Great Auc- 
tion Sale of Slaves, by Q.K. Philander Doesticks” published in The Tribute, an 
abolitionist newspaper, in 1863. Source: Library of Congress collection of Afri- 
can American Pamphlets. http://lcweb2.loc.gov/ammem/aap/aaphome.html 
Figure 2: Excerpt from The Love Story of Jeffrey and Dorcas 
CHEN, FALES, 8C THOMPSON/DIGITIZED DOCUMENTS 673 
surprise that Jeffrey could talk to his master and speak up for Dorcas; he 
had never heard of anything like that before. Julie explained that the way 
slaves were treated by their masters was an individual matter and also 
depended upon their mood; she added that it must have been terrifying 
for slaves never to know what response they would receive. 
A black student made a connection between his own life and the 
story: the master and Jeffrey might look equal but were not, because slaves 
were treated as pieces of property-just as at home, he could ask his par- 
ents to buy him something and they might do so, but it was not to please 
him, just to shut him up. Another student added that she felt the focus of 
the story should not be the master but the tragedy of the two lovers. Julie 
reminded the class that the way they perceived the story of Jeffrey and 
Dorcas depended upon themselves as individuals. 
Reading for Dfferent Perspectives 
She then passed out two passages that had been written by a white 
journalist who opposed slavery and asked the students to determine the 
writer’s point of view. One student read the first aloud, and Julie helped 
him with the pronunciation of words like “mulatto,” “defiled,” “degener- 
ate,” “docile,” and “physiological.” When he was finished, she defined 
those words for the class and translated the entire passage, reading it 
aloud and paraphrasing some of the sentences. 
The students began working in small groups to answer the questions 
at the end of the paragraph. One group discussed whether the author 
was sarcastic; they felt it outrageously racist that slaves who were of mixed 
parentage were considered undesirable because they were said to be 
smarter and more difficult to control. The students in the group were 
unable to decide if the passage reflected the point of view of a master or 
an abolitionist who was being sarcastic. However, time was up and Julie 
assigned them written homework: “What a day of life would be like for 
slaves.” 
Five days later, she continued the lesson by re-reading passages A 
and B and asking the class to discuss and compare their points of view on 
the subject of slave auctions. She asked, “What makes a person desir- 
able?” One student said someone who was not mixed race. ‘Yes, some- 
one who is controllable, who doesn’t question. What is so tragic in pas- 
sage B?”Julie asked. “They are close, they know each other, they are torn 
apart...they have no control,” one student replied, while another said the 
author described a very beautiful scene-with stars in the sky-but what 
was actually happening was very ugly. 
Julie asked about the tone of passage A. “This is a racist guy,” one 
said, but another thought the author was being sarcastic. This second 
student asked the class to note the word “degenerate” and remarked that 
a slave owner would not use the word-nor phrases like “the starry flag,” 
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“they have forgotten it,” or “you may have heard.” She listed some of the 
sentences she found unlikely to be the voice of a supporter of slavery in 
order to demonstrate that the article was written by an abolitionist mak- 
ing fun of slavers. The rest of the class did not seem able to discern the 
sarcasm in the passage. However, Julie agreed with the student that the 
author was poking fun at white people who thought they were superior. 
After she expressed her opinion, the students discontinued their discus- 
sion. If any disagreed or did not understand, they did not say so. 
Julie then asked them about the tone in passage B. One student said 
it was how the author felt after seeing slaves torn apart and was not sarcas- 
tic. Another thought this passage more effective because most people 
were unlikely to perceive the sarcasm intended by the first. A third agreed 
with the idea that the second was more effective because it was “more 
sincere.” 
Julie designated a student to read the story of Molly Kensey (who 
had been a slave until she was ten years old and had been interviewed 
about her experiences), and asked the class what Molly Kensey’s child- 
hood was like. After some discussion about the ways in which slavery had 
affected her, Julie asked the class whether the point of view in this passage 
was different from the others. They did not think so. One student said 
he would like to read passages written by slave owners to see their point 
of view. Another said that Molly Kensey’s interview had affected her more 
than any other passage: It was so real. A black student added that he 
could see the sarcasm in passage A, but he didn’t understand how black 
and white came to be mixed, to which another responded that whites 
probably raped black women without thinking about whether they would 
bear children. Julie told the class the author of the passage was making 
fun of the idea that one race was smarter than another and reminded 
them to consider the author and point of view when reading documents 
in the future. She also told them she had put more primary source mate- 
rials on the board at the back of the room and secondary source materi- 
als on slavery and the Civil War on the table next to the board. She 
ended the class by asking the students to do an independent research 
project using these materials. 
Julie used four forty-five-minute class periods over three days to imple- 
ment this lesson plan and succeeded in having her students explore is- 
sues involved in the economics of slavery. 
CONCLUSION 
This story exemplifies a number of ways in which primary sources 
can support the investigation of history. Students in Julie’s class grappled 
with a number of complex issues raised by the content of the materials 
they read, such as the motivations of slave owners. They considered the 
impact that a narrator’s point of view might have on a story, with at least 
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one student expressing an interest in reading accounts written from other 
perspectives. And they developed their own interpretations of the events 
they read about, using the materials to support or refute their arguments. 
Julie’s students did not merely learn a set of facts but rather engaged with 
ideas, constructed answers to questions of their own asking, and had their 
curiosity piqued. These experiences are quite a departure from those of 
students educated in the traditional history-as-a-set-of-factsapproach. 
Our research on this and other projects suggests additional benefits 
and challenges for teachers, librarians, and media specialists using digi- 
tized primary sources with students. Good teachers have always spent a 
great deal of time collecting and collating materials for their classes, and 
librarians often play a crucial role in this process. Appropriate and rel- 
evant primary sources may be difficult to locate, and digitized archives 
make a much expanded range of interesting materials available. Sorting 
through these archives is not necessarily any less time consuming than 
working with nonelectronic materials, however. In addition to the vast 
numbers of items, the search tools available may not be terribly useful in 
seeking materials related to a specific theme or curriculum topic. Teach- 
ers may need help designing search strategies and ferreting out items 
that are appropriate for their curriculum. 
The lesson plans developed for our work with the Library of Con- 
gress included downloaded and organized materials from the Brady col- 
lection. A number of teachers have said that, while they are excited by 
the prospect of having access to primary sources, and while they used the 
lesson successfully in their classrooms, they would be unlikely to use pri- 
mary sources if they had to select the materials and develop the activities 
themselves. 
In addition, when the curriculum is opened up to student explora- 
tion and inquiry, questions can arise that teachers feel unprepared to 
address. Opportunities to talk with other teachers working in similar 
situations can be invaluable as they negotiate their new role in the class- 
room. 
CCT and the Library of Congress are exploring the possibilities of 
an online forum for educators that would help address all of these issues. 
The forum would be a virtual space where participants could discuss their 
experiences with one another; share materials, search strategies, and les- 
son plans; point to interesting materials that they have come across; and 
seek the support and guidance of their peers. As more primary materials 
become available in digitized formats and more educators have access to 
them in their classrooms and libraries, these kinds of approaches can 
facilitate the use of primary sources in history and social studies curricu- 
lum as an alternative to traditional textbook teaching and learning. 
The Library of Congress National Digital Library collections can be 
found at: http://lcwebZ.loc.gov/amrnem 
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THE LEARNING PACEO F  THE OF (LC) (<ht tp: / /  
LIBRARY CONGRESS 
lcweb2.loc.gov/ammem/ndlpedu/>) was created using an Instructional 
Systems Design (ISD) analysis of LC’s requirements; the needs of the tar- 
get audience; and the tasks and skills necessary to access American 
Memory, LC’s digitized historical collections on the World Wide Web. 
The resulting Web page organizes American Memory materials from a 
learner’s perspective and provides supporting educational materials which 
focus on the research process and the use of primary sources in the class- 
room. 
BACKGROUND 
In 1990, the Library of Congress launched American Memory, a five- 
year pilot program to test the concept of utilizing digital technology to 
make some of its rare and unique Americana collections available to the 
community at large. More than twenty archival collections were digi- 
tized. During a two-year user evaluation, ten of these collections were 
placed on a hybrid CD-ROM/videodisk system and distributed to forty- 
four test sites, which included colleges, universities, state and public li- 
braries, and elementary and secondary schools. The evaluation of this 
pilot program revealed the most active participants to be the K-12 schools, 
which were beginning to include more primary source materials in their 
classrooms (Veccia et al., 1993, p. 81). 
In October 1994, based on the findings of this first large-scale evalu- 
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ation, the W. K. Kellogg Foundation awarded LC a three-year, $3 million 
grant to extend the resources of the National Digital Library to the K-12 
educational community. LC’s five objectives are to: 
shape selected Library of Congress historical collections for the K-12 
community; 
produce descriptive guides to help teachers and students use the col- 
lections; 
explore CD-ROM, Internet, and cable television distribution chan- 
nels to the schools; 
help teachers learn about using primary sources in elementary and 
secondary education; and 
engage in a distance learning initiative. 
In July 1994, LC established its World Wide Web site (<http:// 
www.loc.gov/>). One of the initiatives put forth to achieve the Kellogg 
grant objectives was the creation of a World Wide Web page for educa- 
tion and, in the fall of 1995, the design process for the Web page began. 
The Learning Page (<http://lcweb2.loc.gov/ammem/ndlpedu/>)de-
buted in March 1996 and received more than 100,000 hits in its first six 
months online. Although the Learning Page has grown substantially since 
its beginning, it has maintained its original framework, which is based on 
the principles of Instructional Systems Design (ISD) . 
Instructional Systems Design seeks to provide: a clear, orderly analy- 
sis of the learner; a comprehensive analysis of the content to be learned 
and its organization and presentation; and an analysis of the tasks and 
skills involved in the learning event. The resultant design will be a prod- 
uct of the interaction between the cognitive processing required to ac- 
quire the content, the strategies and methods that support these pro- 
cesses, and the characteristics of the technology that promote positive 
learning strategies and cognitive processing (Park & Hannafin, 1993, p. 
67). 
DESIGNCONSIDERATIONS 
From an Instructional Systems Design standpoint, the considerations 
in designing the Learning Page were: 
1. 	 the Library of Congress’ goal of raising public awareness of the value 
of primary sources and its other objectives as set forth for the Kellogg 
grant; 
2. 	 the target audience, specifically learners and educators, and their 
characteristics, motivation for visiting LC’s Web site, and skills and 
knowledge in searching for and using primary sources and the World 
Wide Web: and 
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3. 	 the tasks learners would perform to gain access to the primary source 
materials of LC and the skills needed to perform those tasks. 
DESIGNDISCUSSION 
Library of Congress Goals and Objectives 
The Library of Congress, a world-renowned research institution, 
serves expert researchers. A Web page for education should promote the 
learning and development of the skills necessary to become an expert 
researcher. Scaffolding techniques that support learners and lead them 
toward this goal should also be an integral feature of the design (Savery 
& Duffey, 1995, p. 33). LC, in pursuit of its goals and objectives, has 
gathered lesson ideas from experienced teachers on the use of primary 
sources, especially those of the American Memory collections (Library of 
Congress, 1995). Making these ideas available in an online archive would 
promote the collegial exchange of ideas among educators, providing sup- 
port for educators as recommended by Honey and Hawkins (1996). 
Target Audience 
The American Memory User Evaluation (Veccia et al., 1993) has re- 
vealed that both elementary and secondary schools used the American 
Memory materials, with secondary schools being the more frequent us- 
ers. A study (Center for Children and Technology, 1996b) done for the 
Library of Congress describes a wide variation in technical proficiency 
and Internet connectivity. Hardware and software availability vary from 
the Apple IIe to the Powerbook and from the 286 to the pentium with 
multimedia capability. Therefore, the Web page design must accommo- 
date the technologically proficient while providing the same level of ser- 
vice to schools that are just beginning to come online. 
The education community has been undergoing a transition to a 
more learner-centered approach in which the learner assumes an active 
role in the classroom by conducting research, working cooperatively in 
small groups, seeking the solutions to problem-based scenarios, and de- 
veloping and presenting results, not only to the teacher but to classmates 
and to others via multimedia presentations, e-mail, and the World Wide 
Web. Teachers are developing lessons that take students beyond the de- 
clarative and conceptual knowledge domains into the critical thinking 
skills of analysis, evaluation, and synthesis of information. To help stu- 
dents achieve these skills, teachers are incorporating primary source 
materials into their lessons. Such materials provide relevancy and real- 
ism, adding context to topics being studied. They provide an intrinsic 
motivation and curiosity that can spur the budding researcher on to greater 
depths of discovery in the learning process (Center for Children and 
Technology, 1996a). Students in project-based curricula are researching 
and including primary sources in their projects. To aid in the development 
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of critical thinking skills, a Web page should be transparent in its ease of 
use, avoiding greater cognitive load on learners as they seek to locate 
materials for their research (Park & Hannafin, 1993, p. 68). 
Margaret Honey, associate director of the Center for Children and 
Technology, in a white paper (Honey & Hawkins, 1996) prepared for the 
Department of Education, discusses the educator and the challenge digi- 
tal libraries face in designing a Web site that supports the educator of 
today. She advocates descriptive, rather than prescriptive, support for 
teachers developing activities that promote higher-order thinking skills. 
Her organization has worked closely with the Library of Congress to de- 
velop descriptive guides to the online collections (Center for Children 
and Technology, 1996a). Portions of these guides are available on the 
Learning Page. 
Tasks and Skills Needed 
Students are novices in the research process and in using complex 
databases such as American Memory. Neuman (1995) argues that In- 
structional Systems Design principles have much to offer when designing 
an informational database “to encourage students to think about, pro- 
cess, and apply information in meaningful ways” (p. 26). In her study of 
high school students using online and CD-ROM databases, she concludes 
that “students’ status as novice learners and novice researchers should be 
the basic determinant of the design of both the conceptual and the navi- 
gational components of databases and database systems used in schools” 
(p.43). She describes her findings using a framework by Malcolm Fleming 
(1981, p. 26), whose work in instructional design has been elaborated 
upon by other researchers and synthesized from empirical principles to 
produce design guidelines for instructional hypermedia (Park & Hannafin, 
1993). Neuman’s recommendations are echoed in these guidelines and 
confirm the validity of an ISD approach for the conceptualization of the 
Learning Page. 
The “Rock, Papq Scissors Model” 
For purposes of this discussion, these design guidelines have been 
grouped into three categories: meaningful communication, data organi- 
zation, and hypermedia characteristics. As Fleming (1981) and Park and 
Hannafin (1993) both state, these guidelines are not distinct entities, but 
instead overlap each other. While one aspect at any one time may domi- 
nate another, that is not always the case. In fact, the relationship among 
the different guidelines is not unlike the game of “Rock, Paper, Scissors,” 
where the rock can break the scissors, but the scissors can cut the paper, 
and the paper can cover the rock (see Figure 1 ) .  
As you look at the Rock, Paper, Scissors model, you see an inner 
triangle whose three points comprise the three aspects of instructional 
design for online hypermedia: meaningful communication; hypermedia 
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Meaningful 

Communication 

involves the 
transfer of 
knowledge within 
relevant contexts. 
1 
I interface design I 
headings 
white space 
search engines 
scrollbars 
Learning is the process of the 
reorganization of a person’s 
knowledge resulting from 
interactions with the \ environment. / 
\ 
organization 
provides the 
foundation on 
which to construct 
meaningful 
1 
analysis of learner content hot links within the page 
natural patterns of 
use patterns nodes and links hot links between page/ 
subpages 
‘chunking’ content into links to/from database 
meaningful groupings links to other sites 
interrelatedness of group- tablemenus 
ings created by linking * stable external links 
Figure 1.The Rock, Paper, Scissors Model of Instructional Design for Hypermedia 
Environments of the World Wide Web 
characteristics; and data organization. At the center of the triangle is 
learning, which is described as the process of the reorganization of a 
person’s knowledge resulting from interactions with the environment. 
This view of learning incorporates each of the three concepts. The envi- 
ronment is the context in which meaningful communication or the trans- 
fer of knowledge occurs; the organization of the new data in ways that are 
meaningful to the learner facilitates knowledge transfer; and the interac- 
tions among the data that lead to learning are facilitated by the dynamic 
interlinking possible in hypermedia. 
The outer triangle represents the design guidelines that result when 
the three aspects of instructional design commingle. For example, 
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meaningful communication (rock) occurs when the context is unambigu- 
ous and the data organization (paper) is clear and recognizable to the 
learner. Implications for page design would include the use of graphics 
for multiple-channel recognition of meaning, the consistent use of head- 
ings, fonts, white space, and easily-recognizable categories for use in search 
engines. With data organization (paper) and hypermedia (scissors),clear 
and consistent hyperlinking among data points and to other sources al- 
lows for successful hypothesis formation and the perception of common- 
alities and differences among the data. Design issues would include the 
amount and type of hot links within the page and subpage(s) and with 
the database. With hypermedia (scissors) and meaningful communica- 
tion (rock), thoughtful design of hypermedia linkages would allow the 
learner to build a mental model of the context in which meaningful com- 
munication and the transfer of knowledge could occur. 
Each of the main design categories-meaningful communication, 
data organization, and hypermedia considerations-is discussed in terms 
of its relationship with the other categories, with comments regarding 
significant aspects relating to the design considerations of the Learning 
Page. The underlying objective of the design process of the Learning 
Page is to create a context in which research skills would be fostered and 
acquired. Students learn best when the skill to be acquired is situated 
within a context in which it occurs naturally (Young, 1993, p. 44). De-
signing an online hypermedia environment that provides a platform from 
which to support learners as they progress in skill level requires the care- 
ful integration and application of design guidelines necessary to achieve 
such an environment. 
Rock and Paper 
The goal, in addition to providing a context from which to begin the 
search into the Library of Congress’ online collections, is to make the 
context meaningful in a deeper, more important sense. Selective percep- 
tion focuses attention on material of interest or requirement. Organiz- 
ing the content of the Library of Congress Web site into basic subject 
descriptors would not be enough to invite more perceptive investigation. 
Structuring the context to lead the learner to perceive similarities and 
differences or observations or evaluations on a surface level would be the 
first step in building curiosity about the contents of the collections, and 
curiosity leads to discovery. 
Keys to self-initiated discovery are: 
recognition of familiar things-e.g., Hey, that’s my town. What do they 
have about my old high school?; 
perceived anomalies in the usual-e.g., Hot air balloons at Fair Oaks, 
Va. (now a major shopping mall) during the Civil War-no way!; 
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unusual portrayal of usual events-e.g., Look at this old-time movie of 
New York City!; 
recognition of the unusual or the extraordinary-e.g., Film ofthe Sun 
Francisco earthquake, really? 
Discovery is aided by successful acquisition of a bit of knowledge- 
being able to retrieve the object of curiosity and examine it. One success- 
ful adventure encourages another and another. One unsuccessful attempt 
seriously undermines any further attempts. Self-initiated discovery is frag- 
ile and must be nurtured, and the dynamic linking capabilities of 
hypermedia must play a part. 
Paper and Scissors 
Dynamic linking of data that have been carefully categorized to maxi- 
mize the contextual clues that provide meaning will yield success to learn- 
ers in search of information meaningful to their needs. Well-designed 
linking systems seamlessly connect data points, satisfying curiosity or aid- 
ing in problem solving. 
The database becomes a more powerful tool with the versatility and 
speed of linking information available in hypermedia. Care must be taken 
with the vocabulary chosen as link points or search words so that novice 
users will be able to find information. Within the research process, scaf- 
folding can provide the learner with the terms of the expert. 
Subject terms used in the Pathfinder Pages have been selected with 
the novice in mind, yet each is searchable in LC’s cross-collection search 
tool, guaranteeing successful search results. Success sustains motivation 
and builds an experience base for future and more advanced search que- 
ries. 
Scissors and Rock 
Careful design of the links from the Pathfinder Pages into the data- 
base, as well as the links within and between the Pathfinder Pages, is im- 
portant to avoid a sense of disorientation. The result of careful attention 
to internal design of the Web page offerings should be a learner with a 
clear idea of where the links will lead and whether the information found 
in these nodes will be useful. 
The categories that are chosen both for Web page content and the 
search destination must be meaningful to the intended user-not the 
expert. Novice users will not have the specialized vocabulary of the ex- 
pert. Learning the navigational system and the category vocabulary place 
an unnecessary cognitive burden on the learner. 
One overriding linking structure will reduce the cognitive burden 
and allow the learner to concentrate on the content rather than on how 
to move within the Web page and the database. 
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LEARNING FRAMEWORKPAGE 
The Learning Page, accessed via the Library of Congress Home Page 
or the American Memory Home Page, is a system of seven main pages: 
Learning; Educator; and five Pathfinder Pages, with ancillary informa- 
tion available from each page (see figure 2 ) .  On the Learning Page- 
whose name symbolizes the active role of the student in the learning 
event-students will find two levels of information: links to supporting 
and contextualizing information for the primary source materials of the 
Web site and links to strategic information, such as bibliographic citation 
aids, copyright guidelines, and other resources. Learners find themselves 
in a context rich with resources and strategy-building activities to assist 
them in developing their skills as researchers. Resources are organized 
into utilitarian (bibliographic citation of online sources; copyright and 
fair use information; technical support; comment section; and further 
resources) and elaborative (collection highlights, topic-specific presenta- 
tions, supplemental reading, and skill-building activities). These resources 
provide scaffolding, supporting the learner in acquiring the skills neces- 
sary for evaluating materials and preparing research reports or presenta- 
tions. 
Here, learners will find descriptive guides to the American Memory 
collections, a supplemental reading list from the Library of Congress 
Center for the Book, and an archive of feature presentations correlated 
to the school calendar. To assist learners in developing research skills, an 
activity, “Become a Historical Detective,” invites learners to test their D.Q. 
(Detective Quotient). It is through this page that learners find tools to 
develop research techniques and hone their critical thinking skills. 
Hyperlinking allows the learner to work here then link directly to re- 
sources in the Library of Congress Web site for further exploration. 
On the Educator’s Page, Lesson Idea Archives and other educator- 
specific materials can be found. In the future, this page could host an 
online learning community in which educators exchange their experi- 
ences using primary sources with their classes. The power of hyperlinking 
provides interactivity with these materials and the primary sources to which 
they refer. 
The Pathfinder Pages satisfy basic Instructional Systems Design prin- 
ciples of understanding the learner and the learner’s task in approaching 
the research process. These five pages organize the material in terms of 
functions that a student might be expected to perform: report on an 
event (Events) or topic (Topics); construct a timeline (Time); prepare a 
biography of a historical figure (People); or study a locale (Places). They 
provide guided entry points into the primary source materials of the Li- 
brary of Congress based on a student-level conceptual framework. In 
effect, the pages act as an advance organizer, providing learners with an 
overview of the content available to satisfy their individual research tasks. 
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To reduce cognitive load, each page follows the same presentation 
template: navigational text line, visual orientation banner, scope of page, 
alphabetical index line, and list of main subject headings. Placing the 
navigational text line at the top of the page allows return visitors instant 
access to the system page of their choice. Each visual orientation banner 
serves two purposes: one, to identify this family of pages; and two, to 
preview the resources within the collections. Navigational buttons on 
the model of the banner are located at the bottom of each page (Park & 
Hannafin, 1993; Lynch, 1996). Research shows that search strategies vary 
with task specificity: ill-defined topics produce browsing behavior; well- 
defined topics produce expedient search behavior (Lai & Waugh, 1995, 
p. 27)-the page allows for both search strategies. 
Four of the Pathfinder Pages provide an alphabetized subject listing 
(Time provides a chronological listing) which indexes the pages’ themes 
to relevant collections listed under each heading. Using the Pathfinder 
Pages, the researcher can immediately see the types and number of col- 
lections and other LC offerings on a particular subject. This provides 
support to the novice researcher who might be overwhelmed by Ameri- 
can Memory’s cross-collection search tool, which generates a multipage, 
item-level, relevancy-ranked list of all the possibilities of the search re- 
quest. 
Furthering research goals, the Pathfinder Pages also allow learners 
the opportunity to use the HTML (hypertext markup language) files as 
personal research tools. Research requires time for searching and thought- 
ful reflection. Classroom time militates against this with fixed class peri- 
ods and limited access to computers. To aid students in reaching the 
materials related to their topics, the Pathfinder Pages are structured so 
that each can become an online gateway into the collections. The pages 
organize their subjects and related LC materials into smaller files by al- 
phabetic character. These smaller files can be downloaded and kept on 
diskette. Each link mentioned in the pages contains the complete URL 
(uniform resource locator), rather than using the relational addressing 
convention. When the file is viewed through a Web browser, the links to 
the collections become active and enable the student to enter the appro- 
priate collections or exhibits without a “Web trail,” reducing the time 
necessary to reach the materials. Each click of the mouse draws the stu- 
dent further into the Web site, closer toward the goal of obtaining infor- 
mation pertinent to the student’s research task. Disorientation is mini- 
mized by the Pathfinder Pages’ overview subject listing of collections and 
LC materials to which the student may always return. 
THEFUTURE 
As with everything on the World Wide Web, the Learning Page is in a 
continual state of evolution. Its framework allows for expansion as the 
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Library of Congress adds more materials to its online presence. The 
Learning Page is designed as a system based on the needs of its constitu- 
ents, and thus it will continue to be responsive to those needs. Its 
hypermedia design, based on principles derived from Instructional Sys- 
tems Design, will mature as the state of the online hypermedium called 
the World Wide Web matures. The Learning Page can provide LC with 
an online gateway and speedy access to its digitized collections to further 
its goal of raising the public's awareness of the value of primary sources. 
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Learning and the Digital Library 
DELIANEUMAN 
~ ~~~~~~ ~ 
AELSTRACT 
THEPHRASE ‘‘LEARNING AND THE DIGITAL LIBRARY‘‘ encompasses two distinct com- 
ponents: learning related to accessing, evaluating, and using the infor- 
mation resources available in this environment and learning related to 
mastering and building upon the ideas embodied within those individual 
resources. Educators and system designers must draw upon research, 
theory, and practice from fields concerned with both these components 
in order to help children achieve the maximum learning benefits afforded 
by the digital library. This article draws upon selected research from two 
such fields-information studies and instructional technology-in order 
to present a range of ideas related to using the digital library as an envi- 
ronment for school-based learning. Although the two fields overlap, in- 
formation studies provide insights primarily about the contextual and 
relational aspects of using the digital library, while instructional technol- 
ogy provides insights primarily about learning with the various media 
formats encompassed within this rich and complex venue. “Information 
literacy,” an area that incorporates concepts from both areas, provides a 
useful overarching framework for considering the digital library as a learn- 
ing environment. 
INTRODUCTION 
There are few doubts about the potential of the digital library for 
providing unprecedented access to information and ideas. There are 
numerous doubts, however, about the potential of this rich and still- 
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mysterious venue for providing an optimal environment for learning. In 
fact, the very strengths of the digital library-its limitless information, 
variety of formats, affordance of unconstrained navigation, and support 
for combining material in myriad ways-are the sources of these uncer- 
tainties in formal learning environments. We know little enough about 
how to foster higher-level learning with “traditional” collections of print 
and nonprint materials. How, then, can we foster such learning in the 
vast and untracked terrain of the digital library? 
Research in information studies traditionally focuses on accessing 
information rather than on learning from it, but the emergence of elec- 
tronic information resources (EIRs) has been a catalyst for a range of 
work on the relationship of these resources specifically to learning. In 
addition, insights on learning and media accumulated by the field of in- 
structional technology provide another important perspective on learn- 
ing in electronic environments. Research and theory from both these 
fields suggest both caveats and opportunities related to children’s pros- 
pects for learning in the digital library. Placing these insights within the 
larger context of “information literacy” provides a framework for under- 
standing and addressing a variety of issues related to learning in this ex- 
citing new venue. The purpose of this article is to draw upon selected 
research and theory across this spectrum in order to present an array of 
insights about enhancing the potential of the digital library as an envi- 
ronment for higher-level learning in the school. Reflecting our current 
limited knowledge about this complex topic, the article is introductory 
rather than exhaustive and is intended to offer a starting point for fur- 
ther discussion and research. 
THEDIGITALIBRARY FOR HIGHER-LEVELAS A VENUE LEARNING 
Wozny’s (1982) investigation of ninth-graders’ use of online biblio- 
graphic databases in connection with an independent research project is 
one of the earliest studies in this field to draw attention to the potential 
of electronic information resources not just to help young learners ac- 
cess information but “to introduce students to a broader world of infor- 
mation” (p. 40) and to provide “anew opportunity for assisting students 
in developing search strategies” (p. 42). Ensuing years have seen a vari- 
ety of other works designed to explore the broad relationship of EIRs to 
learning and particularly to the mastery of the concepts and skills re- 
quired for conducting research (e.g., Aversa & Mancall, 1986; Callison & 
Daniels, 1988; Crane & Markowitz, 1994; Lathrop, 1989; Mancall, 1984; 
Neuman, 1993,1995a, 1995b). Each of these works-along with a variety 
of others-has had a role to play in shedding light on the complexities of 
learning with and through EIRs. Today, that light might profitably be 
focused on learning and the digital library. 
Mancall (1984), for example, noted the importance of teaching logic 
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and critical thinking skills in order to help students use online databases 
profitably. Aversa and Mancall (1986) suggested that students should be 
taught online searching specifically so that they can become knowledge- 
able about information and about how to develop and refine their strate- 
gies for finding and using it. Callison and Daniels (1988), after working 
with forty-one juniors who searched for information on a variety of topics 
in a commercial EIR, noted that “the value of the online search experi- 
ence for the high schooler” might well go beyond the acquisition of basic 
experience with using the technology to “the challenge to make informa- 
tion-use decisions based on facts, relevancy, recency, and authority” (p. 
180). Lathrop’s (1989) survey of seventy-three secondary-school librar- 
ians in nineteen states focused specifically on online information retrieval 
as a research tool and addressed (among other concerns) instructional 
objectives, student training, and curriculum uses. More recently, Crane 
and Markowitz (1994) detailed a three-level model for teaching critical 
thinking through online searching, while Neuman (1993, 1995a, 1995b) 
identified a number of curricular and instructional issues to be addressed 
in helping high-school students become competent and credible research- 
ers with EIRs. All this work reveals a growing awareness that EIRs pro-
vide a critical venue for helping students learn concepts and skills that 
are essential in the information age-abilities to access, evaluate, and use 
information to build knowledge, to think critically, and to solve prob- 
lems. The digital library, which provides an even richer and more com- 
plex environment than the individual components investigated in these 
studies, offers an even more extensive venue for helping students develop 
these essential abilities. 
Neuman’s (1995b) national Delphi study related to learning and on- 
line and CD-ROM databases, for example, reported a number of findings 
that can readily be extrapolated to the wider world of the digital library. 
The Delphi panelists (twenty-five library media specialists who are ex- 
perts in using these electronic information resources with high school 
students) rated over 200 statements, including several that specifically 
addressed the importance of using EIRs to enhance students’ research 
skills. Ratings of two statements in particular highlight the importance 
the panelists assigned to this function: “A goal of a database curriculum 
should be to help students master the higher-order thinking skills in- 
volved in designing, conducting, and interpreting research” and “Data- 
base searching should be part of a formal research offering that covers 
the nature and processes of research, various tools, etc.” These two state- 
ments were among only six from the entire study that garnered final means 
of 4.0-”perfect scores” on the instrument’s scale of 0 to 4. The panel’s 
unanimous agreement with these statements as well as Neuman’s sum- 
mary for the full study underscores the importance of using EIRs as ven- 
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ues to foster higher-level learning: “The results confirm that the major 
issues related to schools’ use of online and CD-ROM databases involve 
their role in students’ development of the higher-order thinking skills 
necessary to plan, design, and conduct competent and credible research 
in the electronic information age” (Neuman, 199510, p. 284). 
RESEARCHFROM INFORMATION STUDENTS’STUDIE : INTERACTIONS 
WITH COMPONENTS LIBRARYOF THE DIGITA  
Information studies research has also addressed the complexities of 
students’ interactions with various kinds of electronic information re- 
sources in an attempt to identify successful and unsuccessful strategies 
and, further, to suggest design elements that might enhance students’ 
use of these tools (Large et al., 1994a, 199413; Liebscher & Marchionini, 
1988; Marchionini, 1989; Marchionini & Teague, 1987; Neuman, 1993, 
1995a, 1995b; Perzylo & Oliver, 1992; Small & Ferreira, 1994; Solomon, 
1993, 1994). Marchionini’s continuing focus on students’ mental mod- 
els as they use EIRs has led to important insights related to both elemen- 
tary (Marchionini & Teague, 1987; Marchionini, 1989) and high-school 
(Liebscher & Marchionini, 1988) students’ effective manipulation within 
these environments-and, by extension, within the digital library. Large 
et al.’s, Perzylo and Oliver’s, Small and Ferreira’s, and Solomon’s work 
on elementary students’ use of particular EIRs provides further insights 
that can be extended to learning and the digital library for this group, 
while Neuman’s studies of high-school students’ use of these resources 
suggests such insights for older students. 
Elementary and Middle School Students 
and the Digztal Library 
Marchionini and Teague (1987) were among the first to explore el- 
ementary students’ use of electronic information resources, and 
Marchionini’s finding that children as young as third- and fourth-graders 
“could successfully use [Grolier’s] full-text, electronic encyclopedia with 
minimal introductory training” (Marchionini, 1989, p. 64) is heartening 
to teachers and library media speciaIists charged with helping their stu- 
dents master the textual components of the digital library. Large et al. 
(1994a) reported similar findings with sixth graders, investigating these 
children’s use of Compton’s multimedia encyclopedia and noting that 
they were able not only to navigate the database effectively but also to 
determine which alternative path (menu, keyword searching, or title 
browsing) was most efficient for retrieving verbal information for a par- 
ticular search task (judged as simple or complex according to the num- 
ber of possible search terms). Marchionini’s notation that the students’ 
strategies in a text environment tended to be heuristic and interactive 
suggests that children have a natural affinity for the kind of exploratory 
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and self-directed learning that is particularly well-suited to the digital li-
brary. Large et al.’s conclusion that students needed little training to 
navigate within a multimedia venue-one that included not only text but 
still images, sound, and video sequences-is also encouraging regarding 
students’ independent learning in the digital library. 
Large et al.’s work as well as the work of Perzylo and Oliver, however, 
raises questions about students’ ability to make productive use of the in- 
formation that renders multimedia environments unique-at least for 
traditional classroom assignments. Large et al. (199413) found that multi- 
media seemed to be more effective for leading to students’ recall of simple 
topics than complex ones and noted that “in general the multimedia group 
failed to benefit fully from the dual coding of visual and verbal informa- 
tion” (p. 526). Perzylo and Oliver (1992) found that sixth graders were 
able to navigate the components of National Geographic’s Mammals ef-
fectively but were hampered in their use of much of its material for their 
“summary papers” largely because they lacked the means and strategies 
for recording and incorporating the nontextual components that carried 
much of the information they sought. Students preferred to access the 
sound, video, photographic, and graphics information in the database- 
in that order-and read and digested only that textual information that 
was “brief in its extent and . . . selected intentionally [such as] the photo 
captions and the hypertext descriptions” (p. 237). For their assignment, 
however-a traditional written report-students used virtually no infor-
mation but the textual material they were able to print out (primarily an 
essay) and incorporated other forms of information only through refer- 
ences in their narratives. Clearly, both the text-based nature of the assign- 
ment and the product’s lack of printout capability for anything but tex- 
tual materials all but ensured that students would not be able to use the 
multimedia information effectively for this task. Nevertheless, the re- 
searchers’ conclusion that the students’ performance reflected not only 
these factors but the fact that “students appeared to have no skills or knowl- 
edge in seeking and recording information from other than textual 
sources” (Perzylo & Oliver, 1992, p. 238) raises important cautions about 
the use of multimedia components of the digital library for learning. 
Small and Ferreira’s (1994) findings reinforce these cautions: these 
researchers found that middle schoolers (sixth through eighth graders) 
who used a print resource tended to take written notes as they read and 
engaged in more “extracting” behaviors than did comparable students 
who used a multimedia resource. The latter group, who reported that 
they liked the visual and sound components of the interactive videodisc 
used for the experiment, generally took only “mental notes” and per- 
formed more “browsing” activities. While the study did not address the 
relative information-gathering success of the two groups, it did note that 
students rated the multimedia source significantly higher than the print 
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one on such factors as “accessibility, accuracy, comprehensiveness, con- 
sistency, controllability, currency, ease of use, organization, reliability, and 
understandability” (pp. 100-01). This disconnection between students’ 
preferences for multimedia formats and their inabilities to mine them 
for in-depth information suggests that students and teachers alike must 
develop new conceptions of the best ways to access, evaluate, and use 
multimedia information for learning. The strategies that teachers and 
students must use to optimize learning through the World Wide Web, for 
example-whose power stems largely from its ability to provide informa- 
tion in formats other than text-are still to be discovered. 
Solomon (1993), too, investigated children’s use of a particular kind 
of electronic information resource-in this case, the OPAC. Like 
Marchionini, he discovered that elementary students were generally suc- 
cessful in their use of this text-based EIR and, further, that they became 
increasingly proficient as the school year progressed and they learned to 
maneuver more and more effectively within this environment. Unlike 
Marchionini, however, Solomon set out to identify the details of students’ 
interactions with the OPAC so that he could suggest guidelines for de- 
signing these EIRs to enhance students’ opportunities for success. His 
results include a delineation of the reasons for students’ breakdowns (i.e., 
failures in retrieval) that provide important insights into the relationship 
of OPAC use to learning. Solomon identified breakdowns in three kinds 
of capabilities-knowledge of specific skills, knowledge of rules, and con- 
textual knowledge-that explained students’ failures in OPAC use. The 
implication, of course, is that students must master these capabilities to 
operate effectively in this kind of environment. First, they must under- 
stand basic concepts related to reading, spelling/keying, and the nature 
and uses of an OPAC. Second, they must understand the OPAC’s rules of 
syntax (e.g., with regard to spacing and punctuation); query formation 
(e.g., the use of nouns and plural forms); and focus (e.g., differentiating 
among an author, subject, and title search). Finally, they must under- 
stand how to monitor an OPAC response and to take appropriate action, 
based on their content knowledge and their understanding of how the 
OPAC works, to proceed successfully. 
In a later paper based on this initial study, Solomon (1994) further 
illuminated the relationship of OPAC use and learning by describing the 
connection between students’ proficiency with the OPAC and the kind of 
instruction and assignments that different groups of students received. 
Solomon noted that one group had received clear-cut assignments (“Turn 
in a written report with the following pieces of information on your state”) 
that allowed them to complete the task simply by entering the name of a 
state (e.g., Alabama) and retrieving pertinent information. While this 
group had a high success rate with the OPAC, “the lack of challenge in 
their searching limited what they discovered about information retrieval. 
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[They], as a result, were less able to recognize and respond to break- 
downs than other students who had more variety in their OPAC experi- 
ences.” These other students, who “were given assignments that required 
more in-depth [content] knowledge and more creative control actions at 
the OPAC . . . began to develop strategies that employed broader, nar- 
rower, and coordinate terms that would help them identify additional 
sources” (p. 47). Solomon concluded that “the challenge of assignments 
that encouraged children to build on their interests or investigate sub- 
jects in some depth carried over to their information retrieval behavior 
at the OPAC. They needed to move beyond the simple subject search to 
discover, learn, and try many strategies to get information on their inter- 
ests and to overcome OPAC breakdowns” (p. 47). Clearly, Solomon’s 
insights about the relationship of curriculum and instruction to students’ 
levels of learning with an OPAC can be extrapolated to the world of the 
digital library: if a sophisticated curriculum and creative assignments 
can enhance higher-level learning with such a basic tool as an OPAC, 
how much more important must these factors be in facilitating such learn- 
ing in this richer and more complex environment? 
High School Students and Text-Based 
Matm‘als in the Digital Library 
One of the earliest studies of high school students’ use of electronic 
information resources was Liebscher and Marchionini’s (1988) compari- 
son of ninth graders’ “analytical” (Boolean) and “browsing” searches in 
Grolier’s full-text CD-ROM encyclopedia, which established that both 
groups performed successfully and relatively equally in terms of the mean 
numbers of search terms used and relevant articles retrieved. Their study 
raised interesting questions about the application of information retrieved 
to a learning task, however, because of their finding that the “analytical” 
group received higher grades on their final essays than did the “browse” 
group. Speculating about the relationship between the amount of plan- 
ning required by each group at the query formulation stage and the sub- 
sequent “payoff‘ in terms of information use, the researchers analyzed 
the prepositional phrases in the students’ final essays. They found little 
correlation between a student’s grade and the overall number of such 
phrases-but they did find an “inverse correspondence between grade 
received and number of nonrelevant prepositional phrases” (p.230). The 
authors theorized that students who used the simple browse strategy might 
have been unwilling to discard irrelevant information they had gleaned 
during their searches and that the “less[er amount ofl internal organiza- 
tion of information . . . required at the query formulation stage” might 
have interfered with these students’ abilities “to discriminate as well as 
[the analytical group] between relevant and nonrelevant information” 
(p. 230). Liebscher and Marchionini’s questions about students’ abilities 
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to organize information in a way appropriate to the assignment-even 
within the restricted environment of a CD-ROM encyclopedia and for 
the limited task of using that information in a brief essay-raise more 
substantial concerns about the abilities and strategies students will need 
in the more diverse and less structured world of the digital library and 
with the kinds of products to which its information might be applied. 
Neuman’s studies of high school students’ interactions with online 
and CD-ROM databases (1993, 1995a, 1995b) also attempted to identify 
the relationship of a particular class of electronic information resources 
to student learning. The original study, an extensive naturalistic inquiry 
of ninety-two freshmen’s and sophomores’ interactions with eighteen on- 
line and seven CD-ROM databases, yielded insights into the details of 
students’ successes and failures in using these resources that are particu- 
larly salient to learning in text-based components of the digital library. 
Further analysis of these data revealed the details of basic differences 
between the structures inherent in databases and the conceptual struc- 
tures that students bring to searching-differences so compelling that 
they seriously hampered students’ independent use of these resources 
(Neuman, 1995b). 
High school students, of course, are novices-novices in their under- 
standing of research and its methods, in their familiarity with the topics 
they study, and in their development of the persistence and flexibility 
that characterize the mature adults for whom most online and CD-ROM 
products (and most components of the digital library) are designed. Fairly 
minor symptoms of these students’ conceptual naivete involved their fre- 
quent choices of inappropriate databases and their regular pattern of 
searching for authors in subject indexes and for titles in author indexes. 
Much of this, of course, reflects the nature of adolescent behavior-choos- 
ing whatever workstation happened to be available and beginning a search 
without paying attention to the information on the screen-and such 
difficulties can be overcome with patience and instruction. Others, how- 
ever, suggest deeper problems. One student, for example, looked for 
articles on “moonshine runners” in a resource that dated from 1982 and 
explained that the topic was missing from the database because moon- 
shine running was illegal, not because he was looking for historical mate- 
rial in a database of contemporary information. More seriously, a num- 
ber of chemistry students included items related to orgunic chemistry in 
their bibliographies for papers on topics in inorganic chemistry-not be-
cause they were padding their bibliographies but because, as their teach- 
ers concluded, these gifted freshmen were unaware that chemistry and 
chemical information are organized into two branches. If students are 
stymied at such basic levels and in such simple resources, how will they 
navigate effectively-let alone efficiently-in the more complex world of 
the digital library? 
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The data also revealed an incompatibility between students’ needs 
and the complexity of the resources available to them. Noting that CD- 
ROM databases are often too simple and online ones too advanced seems 
almost too obvious for a scholarly observation. But the disparity between 
the needs of these students and the nature of the information in their 
electronic information resources was in fact a serious conceptual obstacle 
to the students’ effective use of these resources for learning. Most stu- 
dents-even advanced ones-need basic information related to curricu- 
lar needs rather than either popular renditions or reports of cutting-edge 
research results. Thus, if the digital library is to be used to help the 
majority of students (1)master aspects of curricular content, and (2) de-
velop the research skills necessary not only to complete school assign- 
ments but to serve as the basis for lifelong learning, then it must include 
information that is at an appropriate level of complexity both for stu- 
dents’ levels of knowledge and for students’ tasks. That is, to foster learn- 
ing, the digital library-like any library-must include a range of resources 
to meet the needs of a range of users. While Internet access to “world- 
renowned” experts and their work has excited both educators and stu- 
dents, it is also important to make room in the digital library for informa- 
tion that is conceptually accessible to, and useful for, a student audience 
whose interests, needs, abilities, and goals make them a truly unique user 
group. Both the students and the adults in this study called for such basic 
EIRs as lists of textbooks and young adult trade books on curricular areas 
and for the creation of subject-specific EIRs that include academic infor- 
mation written for high school students. 
A more interesting-and difficult-conceptual issue is the incom- 
patibility between students’ knowledge bases and conceptual structures 
and those inherent in databases. As novices, most students lack the vo- 
cabulary, the conceptual schemata, and the cognitive flexibility enjoyed 
by the experts for whom the majority of digital resources are designed. In 
this study, students’ inability to generate synonyms, combined with their 
naivete about how electronic information resources are structured, often 
frustrated their ability to use even self-contained CD-ROM resources ef- 
fectively. Extrapolating this situation to the larger world of the digital 
library raises concerns about how productively students might use this 
world for learning. Superimposed on the difficulties inherent in any 
keyword-searching system, how will students’ linguistic and conceptual 
naivete affect their chances of productive searching? 
Students’ limited command of synonyms reflected their inexperience 
with many of the ideas that adolescents go to school to master. One 
student’s exasperation illustrates the problem: ‘You have to find a syn- 
onym. But if you don’t know about [a topic], then how are you going to 
get a synonym?” How, indeed, are students going to find the words and 
generate the ideas they will need to access information across the digital 
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library? Words are keys to concepts, and students’ limited vocabularies 
suggest a conceptual immaturity as well as a linguistic one. In a self- 
contained electronic information resource like a CD-ROM, a built-in the- 
saurus similar to those routinely found in word-processors could have 
helped by giving students access to information through vocabulary- 
and, therefore, concepts-that did not exist in their own conceptual struc- 
tures. But no such tool existed in the CD-ROMs let alone in the online 
databases that these students used. Extrapolating the issue beyond this 
limited environment makes it even more complex because it raises ques- 
tions about how students can access the most relevant and appropriate 
information across multiple resources without some mechanism that will 
expand their vocabularies and conceptual schemata. Lack of knowledge 
can thwart even simple explorations in subject areas students might want 
(or need) to study, and these novices might not even be aware that they 
had missed major and critical information. 
Even beyond the difficulties engendered by their limited vocabular- 
ies, students’ naive-and often inflexible-conceptual structures about 
their research areas also hindered their ability to use the text-based elec- 
tronic information resources in this study. First, it is important to note 
that the students’ structures seemed to reflect almost exactly the struc- 
tures imposed by curriculum categories in general and by teachers’ as- 
signments in particular: as school and public librarians well know, if the 
history assignment is a research paper on the Civil War, then the phrase 
“Civil War” may represent the students’ entire understanding of the re- 
search task, at least at the beginning of a project. Not surprisingly, the 
students in this study were not always able to exceed the boundaries im- 
posed by a teacher’s explanation of a task. Also not surprisingly, without 
intervention, the students flailed about in both online and CD-ROM re- 
sources just as unproductively as students often do when they use “tradi- 
tional” reference sources. 
Discussing the individual resources themselves, students complained 
that “there are different categories than what you really want” and that 
they could not search either for such broad concepts as a particular de- 
cade (e.g., the 1960s)or such narrow ones as a particular year (e.g., 1865). 
Predictably, CD-ROM searches for such topics as “World War 11,” “Catho- 
lics in the 1950s,”and “one-room schoolhouses” all proved fruitless. 
Unable to create conceptual categories that matched those inherent in 
the EIRs, students frequently gave up their searches. To succeed in the 
broader environment of the digital library, students will clearly need to 
develop a sophisticated understanding of the nature of information and 
of the ways it can be organized and explored. 
One boy’s search for “Vietnam-era draft evaders” illustrates students’ 
conceptual naivete as well as an even more complex problem: the con- 
ceptual rigidity with which some students approached their task. Using a 
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CD-ROM index, the boy tried “Vietnam” repeatedly, even when the word 
failed to generate any hits. After considerable prodding from the re- 
searcher, he finally tried another approach: he entered “draft” and found 
a subhead “draft resisters” and a sub-subhead for Vietnam. Interestingly, 
even though this tack enabled him to find his subject, he continued to 
insist-as he had throughout this session-that “draft”should have been a 
subhead under the main heading “Vietnam.” It seemed clear, first, that 
he did not understand that information can be organized in more than 
one way and, second, that this naivetk made him incapable of adjusting 
his own conceptual hierarchy to find an article independently. Without 
the outside intervention that he needed to succeed, he probably would 
have walked away from his task-as many students did-convinced that 
the EIR held nothing for him. 
This student was not alone in his inability to transcend the initial 
understanding he had brought to his task. Students complained about 
prompts that asked for more specific search requests-“There was no way 
I could make mine more specific”-and recommended more general 
categories. Students also complained, however, about categories they 
felt were too general: “I thought the [headings were] way too general for 
some of the topics that we needed to use” [note the phrase “topics that we 
needed to use”]. Clearly, even in this constrained environment, there 
was a need to bridge the gap between students’ conceptual structures and 
those inherent in databases. Within the larger world of the digital li- 
brary, how can educators help meet students’ need for flexible traversal 
of the barriers separating general and specific topics within those catego- 
ries? Faced with possibilities not only within but across electronic infor- 
mation resources, how will these novices acquire the conceptual depth 
and flexibility necessary to find accurate and relevant information effi- 
ciently and effectively? 
In summary, it seems clear that research from information studies 
has confirmed that the digital library is an essential venue for learning 
the concepts and skills necessary for conducting research and handling 
information in the information age. Moreover, this research has also 
indicated that elementary, middle school, and high school students can 
indeed profit from their use of such discrete components of the digital 
library as electronic encyclopedias, OPACs, and online and CD-ROM 
databases. Studies have also indicated, however, that looking closely at 
the details of students’ interactions with these components raises signifi- 
cant questions about how to maximize electronic information resources 
for learning. 
Some of this research intentionally incorporates insights from an- 
other field-that is, instructional technology-in order to address these 
questions. Research situated directly within that field offers additional 
avenues for further research into the use of the digital library as an envi- 
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ronment for learning. In particular, insights from the segment of the 
field that is concerned with designing instructional materials suggest ways 
in which components of the digital library might be organized and devel- 
oped to enhance their potential for learning. 
RESEARCH TECHNOLOGY:FROM INSTRUCTIONAL 
LEARNINGAND MEDIA 
Interest on learning and media dates at least from the early part of 
the century when “educational museums” were created to house such 
audiovisual aids as stereoscopic pictures and lantern slides. In the ensu- 
ing years, each new technology in turn has taken its place in the march 
toward more sophisticated and more integrated learning media: instruc- 
tional film, instructional radio, instructional television, programmed in- 
struction, computer-based instruction, and now a medley of multimedia 
environments. Formal research programs emerged in the 1940s and 
1950s,with investigations of how military training films could be adapted 
to civilian instruction. Over the years, the learning potential of each new 
media format-how to identify that potential and how to enhance it-
became the central focus of researchers’ agendas. 
Until the last decade, most of the research in instructional technol- 
ogy-as in education in general-was grounded in behaviorist learning 
theory. Decades of studies conducted under this paradigm, however, pro- 
duced results related to learning and various media formats that were, at 
best, equivocal (see R. C . Clark’s 1983article for the classic and compel- 
ling criticism of traditional instructional technology research that jolted 
the research community). Currently, instructional technology research 
and development are grounded in cognitive learning theory-which, of 
course, now undergirds research and practice throughout the teaching 
and learning community. This new theoretical focus, combined with more 
sophisticated research methodologies, offers strong new possibilities for 
understanding the nature and processes of learning in the digital library. 
Theoretical Foundations for Research on Learning and the Digital Library 
Explorations of the relationship of cognitive theory to instructional 
technology have in fact co-existed with behaviorist ideas in the instruc- 
tional technology community for years, and the field has a long history of 
drawing on both traditions to explore the relationship of media and learn- 
ing. For example, Robert Gagne’s (1977) Conditions of Learning, origi-
nally published in 1970,became a classic when its third edition interwove 
principles from cognitive theory with those from instructional systems 
design. Other classic works in the field have also been reconceptualized 
and updated to reflect the most current understandings of how people 
learn. 
Of particular theoretical significance to questions about learning and 
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the digital library is the work of Robert Kozma (1991), whose article en- 
titled “Learning with Media” crystallized and expanded many of the ideas 
that had been circulating in the instructional design community and es- 
tablished the foundation for conducting instructional technology research 
within the cognitive perspective. In this seminal work, Kozma described 
learning as an active, constructive process and defined “learning with 
media as a complementary process within which representations are con- 
structed and procedures performed, sometimes by the learner and some- 
times by the medium” (p. 179). As it has for all of instructional technol- 
ogy research, Kozma’s review of research on learning with books, with 
television, with computers, and (briefly) with multimedia environments 
offers an important conceptual framework for research on learning and 
the digital library. 
Kozma postulated that each of these media formats is distinguished 
by a cluster of characteristics that, taken together, make the particular 
format more and less suitable for particular kinds of learning tasks. The 
stability of print, for example, supports serial and sequential processing 
and the development of static (although not necessarily simple) mental 
models; the motion of video media and their concurrent presentation of 
information through several sensory channels support simultaneous pro- 
cessing and the construction of mental models that include dynamic and 
procedural components. The transformational ability of the computer- 
its ability not just to present information but to transform it from one 
symbol system (like numbers) into another (like a bar graph)-supports 
the learning of underlying abstract rules and principles that define the 
structure of knowledge. Multimedia environments, which combine the 
characteristics of all these individual media formats into an integrated 
and expanded whole, may help learners build and analyze mental mod- 
els of complex problem situations. Kozma (1994) was quick to admit 
that “the cognitive effects of the more recently developed environments 
are speculative” (p. 206), but in a later article he offered his conclusions 
and insights as an argument for reframing instructional technology’s long- 
standing debate on the contributions of media to learning: 
Perhaps we should ask, what are the actual and potential relation- 
ships between media and learning? Can we describe and under- 
stand those relationships? And can we create a strong and compel- 
ling influence of media on learning through improved theories, re- 
search, and instructional designs? (Kozma, 1994, p. 233) .  
Kozma’s three questions as well as his recommendation that research- 
ers explore “specific ways in which media capabilities may be used to 
influence learning for individual learners performing particular tasks in 
specific content areas” (p. 237) offer particular guidance for research 
related to learning in the digital library-the largest and most complex 
multimedia environment learners have ever encountered. His inference 
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that we are just beginning to ask the most important questions and to 
explore the most significant relationships suggests that the digital library 
is an exciting “learning environment” for theoreticians, researchers, and 
developers as well as for students. 
Work from information studies described earlier provides some in- 
sights into the nature of student learning in that environment and the 
questions that remain to be answered: Liebscher and Marchionini (1988), 
Neuman (1993, 1995a, 1995b), and Solomon (1993, 1994) all suggest 
important capabilities that students must acquire to use text-based elec- 
tronic information resources successfully; Large et al. (1994a, 1994b), 
Perzylo and Oliver (1992), and Small and Ferreira (1994) perform the 
same function for multimedia materials. Instructional technology-and 
particularly instructional systems design-provides insights into how com- 
ponents of that environment might be designed to foster that learning. 
Designing Components of the Digital Library 
One of the enduring works in instructional technology is Malcolm 
Fleming and Howard Levie’s (1978) Instructional Message Design: Principles 
from the Behavioral Sciences-re-issued in 1993 as Instructional Message De- 
sign: Principles from the Behavioral and Cognitive Sciences. The 1993 edition 
combines findings from both traditions of learning theory to specify over 
300 research-based guidelines for designing instructional presentations 
in various print and nonprint formats-and over 200 of these address 
issues that can be applied to creating components of the digital library. 
This collection of principles for designing materials to enhance motiva- 
tion, perception, general learning, concept learning, and problem-solv- 
ing is clearly relevant to enhancing the potential of those components as 
venues for learning. 
Even such simple principles as “Purely decorative pictures should be 
used sparingly” (Fleming & Levie, 1993, p. 89) and “Logically organized 
text is better remembered than poorly organized text” (p. 208) provide 
useful insights about how components of the digital library might be or- 
ganized and presented to increase students’ likelihood of learning in this 
environment. More complex principles-such as “The acquisition of un-
familiar content can be improved via familiar examples, analogies, and 
metaphors, while such strategies are less essential for familiar content” 
(Fleming & Levie, 1993, p. 215) and “The presentation of visually richer 
and more realistic best examples leads to a richer and better consoli- 
dated prototype resulting in increased transfer” (p. 244)-can also be 
mined for their applicability to creating elements of the digital library. 
Because these principles focus on designing instructional rather than in-
formational presentations, they offer a critical perspective on preparing 
segments of the digital library that will be used by students. Applying 
such “design for learning” axioms as well as guidelines for ensuring opti- 
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ma1 access and retrieval seems a fundamental prerequisite for enhancing 
the learning potential of the digital library. 
A number of today’s instructional technology researchers are explor- 
ing what are known as “open-ended learning environments”--settings 
that seek to integrate instructional and informational components and 
in which students perform tasks and processes that are similar to those 
they must perform to learn within the digital library. Michael Hannafin, 
who has emerged as a leader in this effort, describes a range of individual 
settings that researchers are developing and testing in order to enhance 
our understanding of how students learn in electronic environments that 
do notjust present concepts to be learned but that incorporate extensive 
information resources. “Macro-level environments” include both rich 
collections of resources and tools students use to explore them “to pur- 
sue interests or needs beyond the parameters typically provided in iso- 
lated lessons” (Hannafin, 1992, p. 58); “micro-level environments” offer 
similar arrays of materials but focus within more discrete domains. “Gen- 
erative environments,” such as the Jasper Woodbury series created by the 
Cognition and Technology Group at Vanderbilt University, consist of sce- 
narios with embedded information that students must identify, evaluate, 
and manipulate to solve problems. “Mathemagenic environments” sup- 
port access to various representations of content in a particular area (of- 
ten through hypermedia links) and allow students to “move rapidly among 
networks of concepts [and] to construct their own sets of relationships 
within the network (p. 59). According to Hannafin, these various set- 
tings can support either goal-directed learning-as do traditional instruc- 
tional media-or exploratory learning. The question for instructional 
technology-clearly an echo of Kozma’s (1994) questions noted above- 
seems to be how to adapt traditional design theories and methods to the 
creation of environments that can support both kinds of learning, per- 
haps within the same “package.” The question for those who are con- 
cerned with learning and the digital library is how to extrapolate the 
insights gained through research in these individual settings into a wider 
world that includes many discrete resources and also requires traversal 
across and among them. 
A great deal of discussion in instructional technology has focused on 
these settings, which have proliferated in recent years. Goodrum, Dorsey, 
and Schwen (1993), for example, described the conceptual and practical 
difficulties in designing an “enriched learning and information environ- 
ment” that accommodates the difficulties that Perkins (1991) had identi- 
fied for students operating within such a setting: high cognitive load, in- 
creased responsibility for managing their own learning, and need to adopt 
an unfamiliar learning process. Scardamalia and her colleagues (1989, 
1992) have worked for years on the development and refinement of 
CSILE-“Computer-Supported Intentional Learning Environment”-a 
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shell that allows students to create their own knowledge base related to 
classroom instruction by working collaboratively in an electronic envi- 
ronment to generate hypotheses, ask questions, and revise their under- 
standings of that information. Rieber (1990, 1996) has explored how 
both animation and elements of simulations and games can enhance stu- 
dents’ abilities to focus on and learn from multimedia “microworlds.” In 
their exploration of the assumptions, methods, and implications for learn- 
ing inherent in the various kinds of open-ended learning environments, 
Hannafin, Hall, Land, and Hill (1994) noted the lack of compelling em- 
pirical evidence of how open-ended learning environments influence 
learning and, further, discussed the difficulty of obtaining such evidence: 
these environments are “designed to promote fundamentally different 
kinds of learning” than the field is used to studying; its tools for under- 
standing “different kinds of learning goals” and for “assessing the suc- 
cesses or failures of such systems” are underdeveloped; and its “design 
science for such systems” is “veryweak” (p. 52). Clearly, the authors might 
be describing the state of our knowledge about designing materials to 
enhance learning within the digital library. 
Thus, while instructional technology research is following Kozma’s 
dictum to ask new questions, the field is less able to provide new answers. 
In the tradition of Fleming and Levie (1978, 1993), however, Hannafin 
and his group have compiled a set of empirically based guidelines for 
designing interactive multimedia that might provide some insights into 
how components of the digital library might be designed to enhance learn- 
ing (Park & Hannafin, 1993). In fact, their explanation of what they 
mean by “interactive multimedia” might stand as a definition for the digi- 
tal library itself: 
Interactive multimedia dynamically link and manage organized 
nodes of information containing multiple symbol systems and im- 
ages within a given medium or across different media. [They] pro- 
vide user-directed, nonlinear methods for organizing and accessing 
information . . . ; support access to knowledge according to indi- 
vidual demands . . . ; permit direct access to individual elements 
contained in large databases. . .; and provide user-centered interac- 
tive environments. (p. 63) 
Many of their twenty principles, along with corresponding implications 
for design, stress the importance of the organization of information and 
could be readily applied to designing components of the digital library 
to enhance their learning potential. Note, for example, Principle 4: 
“Knowledge to be learned needs to be organized in ways that reflect dif- 
ferences in learner familiarity with lesson content, the nature of the learn- 
ing task, and assumptions about the structure of knowledge” (Park & 
Hannafin, 1993, p. 70). Or the implication derived from Principle 16, 
which describes the importance of using visual representations to help 
NEUMAN/LEARNING AND THE DIGITAL LIBRARY 703 
structure students’ knowledge and experience: “Provide concept maps 
to indicate the interrelationships among concepts and hypermaps to in- 
dicate the location of the learner relative to other lesson segments” (p. 
78). Such aids to structure and orientation within the digital library could 
clearly enhance students’ success in this environment. These and other 
heuristics suggested by Park and Hannafin directly address such “infor- 
mation retrieval” issues as the importance of students’ conceptual struc- 
tures to successful searching noted above (Neuman, l993,1995a, 1995b). 
For researchers, teachers, and school library media specialists con- 
cerned with learning in the digital library, this description of the state of 
the art related to understanding and creating learning environments raises 
both hopes and cautions: while it is heartening to see the insights and 
advances that can be gleaned from instructional technology, we are still 
left with the fundamental question of how we can help students exploit 
EIRs individually and in the aggregate to achieve higher-level learning. 
Instructional technology might provide insights about learning within 
specific environments, but the field has not extrapolated its findings be- 
yond those limited settings. A comprehensive approach that integrates 
these findings with findings from information studies is necessary to pro- 
vide a conceptual framework for designing and presenting components 
of the digital library to enhance learning. 
INFORMATION A CONCEPTUAL FORLITERACY: FRAMEWORK 
“LEARNING LIBRARY”AND THE DIGITA  
In her thorough and useful overview of the development and cur- 
rent status of “information literacy,” Behrens (1994) cites a number of 
definitions that have been proposed for this umbrella term. The defini- 
tion included in the American Library Association’s 1989 Presidential Com- 
mittee on Infmation Literacy: Final Report--urhich she quotes as “the most 
frequently used today” (p. 315)-is striking in its interweaving of many of 
the concepts related to information studies and learning with media that 
have been discussed earlier: 
To be information literate, a person must be able to recognize when 
information is needed and have the ability to locate, evaluate, and 
use effectively the needed information. . . . Ultimately, information 
literate people are those who have learned how to learn. They know 
how to learn because they know how knowledge is organized, how to 
find information, and how to use information in such a way that 
others can learn from them. They are people prepared for lifelong 
learning because they can always find the information needed for 
any task or decision at hand. (ALAPresidential Committee Report, p. 1, 
quoted in Behrens, 1994, p. 315) 
This definition makes explicit the link between information use and learn- 
ing: it specifies the higher-order thinking skills associated with effective 
information use, states the importance to information literacy of know-
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ing “how knowledge is organized,” and stipulates that preparation “for 
lifelong learning” is the primary goal of information literacy. Its integra- 
tion of concepts inherent to learning with those essential to information 
use suggests a theoretical structure that not only encompasses ideas from 
both information studies and instructional technology but anchors the 
two fields within a larger framework-a framework that provides useful 
guidance for considering the digital library as a learning environment. 
Tools and procedures related to this “information literacy” frame- 
work have existed within the school library media community for years, 
and many can be mined for suggestions to support children’s learning 
within the digital library. For example, Eisenberg and Berkowitz’s (1990) 
“Big Six Skills” approach to library and information-skills instruction, 
Kuhlthau’s (1993) work on how users seek meaning, and Stripling and 
Pitts’s (1988) insights on teaching library research as a thinking process 
can be readily adapted to the electronic environment. A variety of work 
on resource-based teaching and learning can also provide direction for 
helping students become efficient and effective manipulators of EIRs. 
Neuman’s (1995b) Delphi study suggests a number of specific “informa- 
tion literacy” concepts that students must master in order to use these 
resources in the service of higher-level learning: for example, “Under- 
standing the general nature of searching” and “Understanding criteria 
for judging the value of particular citations” garnered perfect means of 
4.0 from the study’s panel of experts, while such other abilities as “Un- 
derstanding the general nature of research,” “Designing effective search 
strategies,” “Identifying researchable topics,” and “Generating search 
terms” all received mean ratings of over 3.9. 
The series of standards for information literacy proposed by various 
states (for example, California Media and Library Educators Association, 
1994; Colorado Department of Education, State Library and Adult Edu- 
cation Office, 1994) also provide broad conceptual guidance for address- 
ing learning as well as information use within the digital library. Build- 
ing on these ideas, the new national guidelines and standards for school 
library media programs to be published in 1998 by the American Asso- 
ciation of School Librarians and the Association for Educational Com- 
munications and Technology will provide an even clearer statement of 
the relationship between information use and student learning. Not only 
will that document stipulate “information literacy standards for student 
learning,” it will identify the links between these standards and the con- 
tent and process standards of the full range of K-12 subject matter areas 
(Marcoux & Neuman, 1996). By specifylng learning outcomes for infor- 
mation literacy and delineating the relationships of these outcomes to 
outcomes in such core subjects as English, history, mathematics, and so 
on, this document will provide a powerful tool to assist library media 
specialists in fostering higher-level student learning through the use of 
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information resources related to topics across the curriculum. The docu- 
ment will also provide a framework for further research into the ways in 
which the various components of the digital library, individually and in 
the aggregate, might be marshaled to promote that learning. 
CONCLUSION 
“Learning and the digital library” has two distinct components: learn- 
ing related to accessing, evaluating, and using the information resources 
available in this environment and learning related to mastering and build- 
ing upon the ideas embodied within those individual resources. Research, 
theory, and practice from information studies provide guidelines for fos- 
tering the first kind of learning, while research, theory, and practice from 
instructional technology provide insights about the second. Concepts 
and guidelines from information literacy provide a framework for help- 
ing students, library media specialists, and researchers understand and 
address a variety of issues related to learning in this rich and exciting new 
environment. 
These areas suggest three promising avenues for fostering higher- 
level learning within the digital library. Research from a variety of other 
fields-for example, reading comprehension, interface design, and prob- 
lem solving-should also be investigated for the insights they can bring 
to enhancing the learning potential of the digital library. To help stu- 
dents achieve the maximum learning benefits afforded by the unmatched 
number and connectivity of the resources of this exciting environment, 
educators and system designers alike must draw from all these traditions. 
Optimizing the learning potential of the digital library for the children 
in our schools will require the best thinking from all the disciplines that 
contribute to our understanding of how children learn. The challenges 
as well as the opportunities, like the digital library itself, are virtually un- 
limited and only beginning to be explored. 
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Learning in Digital Libraries: An Information 
Search Process Approach 
CAROLCOLLIERKUHLTHAU 
ABSTRACT 
THISARTICLE DISCUSSES A CONSTRUCTIVIST approach to information age learn- 
ing environments for children and teenagers, particularly as students in 
schools. An intervention role for librarians is described for guiding and 
coaching students in the stages of the information search process (ISP) 
using the abundant resources of digital libraries. Five strategies for coach- 
ing students in the ISP-collaborating, continuing, conversing, charting, 
and composing-are recommended for adaptation to electronic environ- 
ments. A theory for creating learning environments in digital libraries is 
presented based on the concepts in the constructivist approach of acting 
and reflecting, feeling and formulating, predicting and choosing, and 
interpreting and creating. 
INTRODUCTION 
The National Information Infrastructure Taskforce’s (1993) report 
identified schools and libraries as essential sites for Internet connection, 
recognizing children and young adults as primary users of digital librar- 
ies. Many schools and libraries are well on the way to establishing access 
to a wide range of resources through the National Information Infra- 
structure (NII) as well as the Global Information Infrastructure (GII). 
Unfortunately, some places still have little in the way of technology and 
meager prospects for development in the near future. This article, how- 
ever, will not consider the serious equity issues related to unequal access 
to digital libraries but will assume that the technology for connecting to 
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digital libraries is in place and concentrate on the equally serious issues 
related to the process of learning in the electronic environment of digi- 
tal libraries. What are some of the main considerations for learning in 
digital libraries? What problems do learners encounter? How can li-
brarians assist learners in their use of digital libraries for lasting mean- 
ingful learning? What are some of the theoretical underpinnings for 
guiding meaningful learning in digital libraries? 
DIGITALIBRARY AS LEARNERSUSERS 
A recent workshop at the University of California at Los Angeles, 
sponsored by the National Science Foundation, addressed the “Social 
Aspects of Digital Libraries.” The background paper for the workshop, 
prepared by a team led by Christine Borgman (1996),promoted the no- 
tion of digital library users as learners and raised some important issues 
related to developing digital libraries with learning as the goal. “Build-
ing digital libraries to exist on the NII/GII means creating information 
spaces that can serve the needs of novices in a subject domain, especially 
students of all ages” (pp. 2-3).The paper explained that this perspective 
introduces a range of new problems for system designers. “Placing the 
learner at the center recognizes special needs, such as understanding the 
goal, the motivation, the diversity, and the potential growth of the learner- 
user of digital libraries” (p. 3 ). 
The common view of information seeking is that the goal is to an- 
swer a specific question or to locate specific information. Therefore, the 
goal of information seeking is seen as being achieved by the location of 
relevant or useful information. However, the goal of the learner cannot 
be met by merely locating relevant, or even useful, information. When 
the learner is placed at the center, the goal of information seeking is no 
longer merely getting the relevant information but getting information 
that leads to a new understanding in the process of learning. This aspect 
of information seeking is of particular concern for those striving to cre- 
ate enabling learning environments for children using digital libraries. 
Children and teenagers are engaged in expanding their knowledge base 
and actively constructing a view of the world. They are developing areas 
of personal expertise by building on what they already know. How can 
children and teenagers use digital libraries to enable the learning pro- 
cess? This question goes beyond the issue of how to design systems to 
accommodate learners, and becomes how to develop learning environ- 
ments that make effective use of digital libraries. 
This article addresses children and teenagers as students in school 
settings using digital libraries for learning. However, the issues, theories, 
and interventions discussed have broad application for that population 
in other situations, such as in public libraries, and even by extension for 
learners of all ages. 
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INFORMATION ENVIRONMENTSAGELEARNING 
Schools and libraries are being restructured for the information age. 
Online computers are transforming contained closed institutions into 
connected open communities. This has transformed the resources avail- 
able for children and teenagers from a relatively small pool of materials 
consisting mostly of textbooks and contained library collections into vast, 
almost limitless, resources of the NII/GII. Robert McClintock (1996) 
calls this the new rule of abundance that is changing learning environ- 
ments, particularly in schools, in very significant ways. Traditionally 
schools have been dependent upon knowledge presented in textbooks, 
relatively small library collections, and individual teacher’s knowledge of 
a subject. Even the best designed text, the most well supported library, 
and the most highly skilled teacher cannot match the abundance and 
currency of the information available on the NII/GII. McClintock ex- 
plains that schools have changed from being places where teachers and 
students were isolated from the general culture with a scarcity of resources 
to being connected by networks with unlimited access to the abundant 
resources of our culture. He warns, however, that: “Such a new rule is 
not without its pitfalls, but to cope with these we must recognize that it is 
a new rule, deeply different from the old. In our extended present, the 
educational problem changes profoundly, shifting from stratagems for 
disbursing scarce knowledge to finding ways to enable people to use un- 
limited access to the resources of our cultures” (McClintock, 1996, p. 2). 
A CONSTRUCTIVISTAPPROACH 
Educators are recognizing the need for new approaches to learning. 
Many successful restructuring efforts have been based on a constructivist 
view of learning rather than a transmission approach to schooling. A 
constructivist approach has a long tradition in American education with 
John Dewey laying much of the foundation for its implementation. When 
learning is viewed as a process of construction, each student is actively 
involved in building on what he or she already knows to come to a new 
understanding of the subject under study. In contrast, a transmission 
approach is based on transferring facts about the subject from the teacher 
or the text without requiring any reconstruction on the part of the child. 
An example of a transmission approach is copying word for word from a 
text or lecture and then reporting back, usually in the form of a test. An 
example of a constructivist approach is reading, listening, or viewing a 
text and reflecting on the content, noting what is remembered as impor- 
tant and interesting, perhaps in the form of a chart depicting the connec- 
tion of ideas and then explaining to a peer study group what was noted. 
The approach draws on something previously read or learned and raises 
new questions to pursue. The constructivist approach seeks to foster 
deep learning that goes beyond the ability to respond to a test, to 
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application in daily living. 
Constructivism is particularly well suited to the new environment of 
abundance of digital libraries. Living in the information age requires 
people to go beyond the ability to locate information and requires com- 
petence in seeking meaning and understanding. Students need to inter- 
nalize the process of learning from information. They need to develop 
competency in deciding what is the best information for them and what 
is enough information for their ongoing process. 
Constructivist learning takes students out of the predigested edited 
format of the textbook into the use of the abundant resources in digital 
libraries. The constructivist type of learning is transferable and enables 
learners to develop skills and strategies that transfer to situations in the 
real world. Students learn to think through issues that do not have pre- 
scribed responses or preset solutions. Students learn to identify what is 
important to them, to construct new meanings, and to explain their new 
understanding to others in some way that is authentic to the topic. 
Problem-initiated learning is a way to organize the learning situation 
around a constructivist approach. Problem-initiated learning is centered 
on a major undertaking within an authentic learning experience. Prob- 
lems are presented to students that require extensive investigation and 
research. When these problems are truly authentic to real world situa- 
tions, they commonly cross subject lines and require interdisciplinary 
involvement. Students are encouraged to become actively engaged in 
constructing their own learning over an extended period of time under 
the direction of a team of skilled teachers that include librarians. 
ROLESFOR LIBRARIANS 
Librarians and teachers play a central role in facilitating learning in 
the constructivist approach. While transmission learning may rely on 
textbooks and packaged materials, guiding the process of construction 
calls for expertise that only skillful sensitive professionals can provide. 
They formulate the overall direction and underlying principles to be 
developed during the learning experience. They guide and coach learn- 
ers through the learning experience (Sizer, 1992). Coaching has been 
used as an example of a way of offering enabling intervention into the 
learning of students. The coach organizes the learning situation and 
steps in when students need direction and guidance. Students are pro- 
vided opportunities to take the initiative for their own learning and to 
gain a sense of accomplishment and success resulting from their own 
work. 
Teachers and librarians working as a team can play an important 
role in enabling the process of construction in information-rich environ- 
ments. Both the teacher’s role and that of the librarian in the constructivist 
approach to learning need to continue to be redefined within the new 
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environment of abundant resources in digital libraries. 
The concept of a zone of intervention (Kuhlthau, 1994) suggests some 
ways that librarians can provide essential assistance and guidance in learn- 
ing in digital libraries. Vygotsky (1978), the Russian psychologist, de- 
veloped the concept of an area or zone in which intervention would be 
most useful to a learner, called the zone of proximal development. The zone 
of proximal development is “the distance between actual developmental 
level as determined by independent problem solving and the level of 
potential development as determined through problem solving under 
adult guidance or in collaboration with more capable peers” (Vygotsky, 
1978, p. 131). The zone of intervention for librarians, introduced in an 
earlier work by the author (Kuhlthau, 1993), is that area in which a user 
can do with guidance and assistance what he or she could not do alone. 
Help within this zone moves the student along in the information search 
process. Intervention outside of this zone is intrusive on the one side or 
overwhelming on the other. Intervention on both sides of the zone of 
intervention is inefficient and unnecessary. Timely intervention within 
this zone is efficient and enabling. 
There are important roles for librarians in enabling learning in digi- 
tal libraries. They have responsibility to create the learning environment 
consisting of a problem that initiates the learning and the resources for 
studying the problem. They also have a role in guiding and coaching 
students in the ISP when a zone of intervention occurs. 
SIXSTAGES SEARCHIN THE INFORMATION PROCESS 
The information search process is based on a constructivist view of 
learning. The ISP, initially developed in more traditional library envi- 
ronments, reveals the holistic dimensions of learning from a variety of 
sources (Kuhlthau, 1988a). While this research suggests much about learn- 
ing in digital environments, further study is called for within electronic 
environments to examine how the basic learning experience in the ISP 
may be affected by digital libraries. A number of studies in progress are 
investigating different aspects of this issue, but much more work is needed 
in this area of research. 
A model of the ISP, developed from the findings of five studies 
(Kuhlthau, 1989), serves as a guide for coaching students in the research 
process. The ISP may be thought of as occurring in six stages: initiation, 
selection, exploration, formulation, collection, and presentation. The 
stages are named for the primary task to be accomplished at each point 
in the process. Thoughts, actions, and feelings commonly experienced 
in the six stages of the process are described in the model. 
The studies underlying the development of this model were con- 
ducted with teenagers. Some further studies suggest that younger chil- 
dren experience the search process in similar holistic ways but with some 
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important differences (Harada, 1996; Kuhlthau, 1988b). Younger chil- 
dren under the ages of eleven or twelve experience formulation less in- 
tentionally than teenagers. This would seem to be in keeping with devel- 
opmental theories related to concrete and abstract thinking. While 
younger children do experience the stages of the ISP, they may be more 
involved in building their general knowledge than formulating a per- 
sonal perspective. This knowledge base lays the foundation for more 
personal formulations of young adult years and beyond. 
The following description of the six-stage model of the ISP is adapted 
from “The Process of Learning from Information” (Kuhlthau, 1995, pp. 
1-12). Initiation marks the beginning of the process when a problem is 
first introduced. Students are frequently puzzled by a task and uncertain 
as to how to proceed. Thoughts are commonly centered externally on 
“What does the teacher want?” and need to be turned internally on “What 
do I know?” and “What do I want to know and learn?” 
The second stage, selection, is a time for identifjmg a general area 
for investigation that is accompanied by a sense of optimism at accom- 
plishing the task at hand. Some students may take more time than others 
in this task. Those who do not select quickly can become anxious at 
being behind the group. Pace of the ISP varies greatly from person to 
person and from problem to problem. The only time a whole group of 
students will be together is at the initiation and presentation stages. Oth- 
erwise, pace will vary individually. It is helpful to point this out to stu- 
dents because this is not the norm for school learning but it is for learn- 
ing in real world settings. 
The third stage, exploration, is unexpectedly the most difficult of 
the entire process. After the general topic has been selected, students 
expect to be able to move on to collecting information and preparing to 
present. However, exploration, as the name indicates, requires a more 
varied and complex task. At this point, their task is to explore informa- 
tion to form a focus for their research. They need to read and reflect in 
order to learn enough about the general topic or problem to form a 
personal perspective or focus for their work. Confidence can be expected 
to drop sharply during this stage before increasing gradually. As students 
encounter inconsistent incompatible information that does not match 
their expectations, they commonly begin to doubt the appropriateness 
of the topic, the adequacy of the information sources, and their own abil- 
ity to accomplish the assignment. This is to be expected, and they need 
to attend to the task of exploring information to form a focus for their 
research rather than collecting information to support a thesis. One of 
the most common mistakes in library research is to confuse the stage of 
exploration with that of collection and to apply collecting strategies to 
the task of exploring. Completely different strategies are called for dur- 
ing exploration than are used in the collection stage. For example, at 
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exploration, students find it helpful to list ideas and questions while skim- 
ming a wide range of materials rather than taking copious notes from 
one text. When these two stages are confused, students run into difficult 
problems in the presentation stage, including writing blocks because they 
have not formed a personal perspective to write about, or plagiarism be- 
cause they have copied word for word with little sense of meaning. 
The fourth stage, formulation, is conceptually the most important in 
the information search process. During this stage, the central cognitive 
task of the process is accomplished. A personal perspective or sense of 
meaning of the information encountered is formed. At this time the 
student begins to move from uncertainty to understanding. The focus 
provides a guiding idea, a theme, or a thread (student's own words) on 
which to base the collection of information. The focus provides the frame 
for constructing a story or narrative using the information that is gath- 
ered. The concept of focus formulation gives the student a strategy for 
choosing information from an information-rich environment and is the 
underlying concept in using information rather than merely locating it. 
During formulation, students are actively engaged in using information 
to create meaning that involves thinking, reflecting, interpreting, con- 
necting, and extending. 
In the fifth stage, collection, the task is to gather information that 
defines and supports the focus formed in the prior stage. The focus is 
further shaped and clarified during this stage as connections and exten- 
sions are made from the information gathered. The narrative begins to 
take shape. Many of the strategies used in traditional library searching 
are helpful at this point and may be adapted to the technological envi- 
ronment, such as subject searching and detailed notetaking. 
In the sixth stage, presentation, the task is to complete the narrative 
describing the focused perspective of the topic and to prepare to present 
the new learning to the intended audience. This can be a difficult stage if 
little formulation has taken place during the ISP. 
COACHINGTHE INFORMATIONSEARCH IN DIGITALPROCESS IBRARIES 
Studies of the ISP show that students use certain activities to help 
them work through the process of information seeking. Students find it 
helpful to: (1)work with others and not be required to work alone on a 
project; (2) have a clear concept of their own process; (3) talk to other 
people as they go along; (4) describe their ideas in some pictorial form; 
and ( 5 ) write short pieces along the way. These useful activities have 
been developed into five strategies for coaching students in the ISP: col- 
laborating, continuing, conversing, charting, and composing (Kuhlthau, 
1993). These can be readily adapted to digital libraries. 
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Collaborating 
In studies of the information search process, one of the strategies 
students used to work through the more difficult stages in the process was 
to work with other students. They would confer on what they were plan- 
ning to do. They would let each other know if they came across some 
source that they thought might be of use in the other’s investigation. 
Although collaborating seems to be a natural strategy students use for 
moving along in the ISP, most traditional research assignments have been 
set up as isolated work to be accomplished independently and often out- 
side of the school setting. Recently group projects have become a more 
common practice in schools. Many of these projects, however, lose much 
of their effectiveness because each student does not share equally in the 
work. Too often one student in the group takes charge and does most of 
the work because the organization of the project does not promote true 
collaboration. True collaboration enables each person to construct his 
or her own understanding of the problem at hand. The collaboration 
advances each individual’s constructive learning. Collaborative strate- 
gies such as brainstorming, delegating, networking, and integrating are 
activities for promoting construction in the ISP. 
In the best situations, collaboration neutralizes competition to a large 
degree. Students are placed in a position of cooperating with one an- 
other rather than competing against each other. They are attuned to 
helping each other in the process of construction. The purpose of col-
laboration is to facilitate construction. An individual is better able to 
think through a problem and to move along through rough spots with 
the assistance and support of other students. Students can explain and 
model what they have learned in ways that their peers can readily under- 
stand. In these collaborative situations, both parties benefit. A team 
approach to research more closely matches real-world information-seek- 
ing tasks where people often work together to address situations that re- 
quire more information for a broader understanding of a problem. 
The central task of the information search process for each student 
is to construct a personal perspective from the information encountered 
in the process of information seeking. If students are not constructing 
for themselves then they are not engaging in the ISP. Teachers and li- 
brarians are responsible for designing and implementing collaborative 
learning situations in which each student has an opportunity to construct 
and reconstruct his or her understanding of the problem at hand. 
Collaboration is particularly helpful in technological environments. 
Librarians are reporting that students are instrumental in teaching each 
other to use computer technology and to help each other when they en- 
counter the inevitable glitches that are endemic in the use of technology. 
Students also help each other considerably in sharing sources that they 
come across in their searching that might fit in with another student’s 
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aspect of the problem or topic. Collaboration can prove helpful for stu- 
dents using digital libraries by providing assistance in the use of technol- 
ogy, in the location of sources, and in the process of learning. 
Continuing 
The strategy of continuing is based on an understanding of the infor- 
mation search process as a constructive process rather than as a single 
incident of information seeking. Students with a clear understanding of 
their involvement in a continuing process are likely to press on beyond a 
single search to reading and reflecting that leads to further searching 
and ultimately to forming a focused perspective that provides a base for 
an extensive collection of information. The process of information seek- 
ing involves construction in which students actively pursue understand- 
ing and meaning from the information encountered over a period of 
time. The strategy of continuing responds to this dynamic learning pro- 
cess. Coaching that continues throughout the duration of the ISP not 
only guides students in one specific research assignment but also estab- 
lishes an awareness of the process itself. Librarians can introduce strate- 
gies and skills for each stage in the process that may be transferred to 
other situations of information seeking and construction. Students learn 
that exploring for a focus is essential for moving out of the uncertainty 
they feel toward gaining a personal understanding. 
A basic principle for learning from digital libraries is to take charge 
of your own constructive process. In the digital library environment, it is 
important for students to actively seek to formulate a focused perspective 
that will guide their choices of what is pertinent and useful to them from 
the vast resources that may be generally relevant to the overall problem. 
Continuing addresses the concept of enough, which is a critical issue 
in using digital libraries. In the environment of abundance of the NII/ 
GII, an understanding of what is enough is essential in order not to be- 
come overwhelmed by the sheer number of sources available. What is 
enough was a simple notion, or at least a manageable one, when a person 
could gather all there was on a topic in a contained collection. The con- 
cept of enough is quite a different matter in the present abundant infor- 
mation environment. Knowing what is enough is important for making 
sense of the abundance of information available in digital libraries. 
Enough relates to seeking meaning in a quantity of information by for- 
mulating a perspective on which to build and determining what one needs 
to know. Within the ISP, the question of enough is addressed by what is 
enough to make sense for oneself. 
Librarians can coach students in deciding what is enough for them 
to advance their understanding in each stage in the ISP. The concept of 
enough may be applied to the tasks in each stage of the ISP. Continuing 
strategies enable students to decide what is enough at initiation, to 
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recognize a problem that needs information; at selection, to select a gen- 
eral area to initiate their investigation; at exploration, to explore a gen-
eral topic for an aspect to pursue; at formulation, to form a focused per- 
spective on which to build; at collection, to collect information to build 
an understanding; and at presentation, to present a focused perspective 
of the chosen aspect of the general problem. Continuing strategies sup- 
port students throughout the ISP by enabling them to use information 
for learning in each stage of the process. 
Conuersing 
Talking was found to be an important strategy for students in the 
studies of the information search process in every stage in the process. 
As one individual put it: “I talk to everyone who will listen-my friends, 
my mother and father, my sister, and even my grlfriend.” Coaching in 
the earliest stage of the ISP can take the form of offering an invitation to 
research that engages students in conversations about what they already 
know about the problem and what they might be interested in finding 
out. After an assignment is first announced, students often ask each other, 
What are we supposed to do? What does she want us to do? Such exter- 
nal questions need to be turned internally, What do I want to do? What 
am I interested in? Librarians can encourage dialogue by drawing from 
students’ dynamic process through invitational exploratory questions that 
get them to discuss their knowledge, ideas, and questions about the 
problem. 
Talking that enables thinking is an important strategy throughout 
the information search process but is especially helpful at those more 
difficult points where students are attempting to sort out inconsistent and 
incompatible ideas they encounter as they gather information. Conver- 
sations enable students to identify ideas that do not fit in with what they 
know and to decide what they need to learn more about. Conversing 
during exploration helps students to try out different formulations for 
the focus of their research and to articulate the narrative that is develop-
ing in the ISP. 
Conversing is an important form of collaboration. Students can pro- 
vide a sounding board for each other that challenges them to think more 
deeply and to engage in thoughtful discourse through each stage of the 
information search process. Peer groups can be organized with time set 
aside for conversation under the guidance of the librarian or teacher as 
coach. 
Conversing gives the librarian an opportunity to listen to the stu- 
dent, to identify the stage in the process he or she is experiencing, and to 
determine if there is a zone of intervention evident where the student 
needs some help. 
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Charting 
Charting is depicting an idea or a set of ideas in the pictorial form of 
a drawing or a chart. Organizing ideas graphically is an important strat- 
egy for developing thoughts as they are emerging as well as for identify- 
ing what is not known and needs to be investigated further in order to be 
explained. A chart provides a picture of a set of ideas and addresses the 
connection between the ideas. This type of charting has been given a 
number of different names, most commonly used are webbing and graphic 
organizers. The most traditional kind of chart is an outline. An outline 
borders between written discourse and a pictorial depiction of an idea. 
Charting in all of its forms is an excellent strategy for enabling students 
to summarize a large quantity of information. 
Charting requires students to create a picture of their thinking. Most 
young children will readily draw their ideas as a natural expression of 
their thinking, but as they get older they seem less and less inclined to 
present their ideas in a pictorial form. It is important to use all of the 
strategies we have at our disposal to formulate meaning from the abun- 
dance of information in digital libraries. Charting is a good strategy for 
coaching students in expressing their ideas in the various stages of the 
ISP. 
In addition, charting may be used to demonstrate the information 
search process itself and to make students more aware of the process as 
they experience it. The model of the ISP may be thought of as a chart in 
the form of a timeline that can be adapted as an instrument for illustrat- 
ing the process to students. The diagram is a coaching tool that enables 
students to visualize a sequence of stages in information seeking. The 
chart may be used as a basis for identifying the stage that the student is 
experiencing and to describe the overall process to the student. The 
model may simply be drawn on a piece of paper in front of the student or 
prepared more formally as a handout. The objective of using the chart is 
for students to understand the process and to determine what stage they 
occupy in the process. 
Charts in the form of simple timelines and flowcharts may be adapted 
for coaching students in charting their own searches. These charts are 
most effective for reviewing a recently completed search with a student 
and reflecting on what went well and what might be improved. Charts of 
this type can also be used as planning instruments. Personal computers 
can be used for charting in all of its applications. 
Composing 
Composing in the electronic environment means more than writing. 
Writing implies putting pen to paper in a traditional sense. Personal 
computers have changed significantly the ways people approach writing. 
Composing is an appropriate term for the activity of formulating thoughts 
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on paper. The act of composing facilitates thinking. People compose 
not only for others to read but to formulate, organize, and express their 
own developing thoughts. 
Composing is an excellent strategy for advancing formulation in the 
information search process. Research journals can provide an ongoing 
vehicle for composing throughout the research project. Journal keeping 
can be easily adapted to the use of personal computers. Librarians may 
recommend that students keep research journals for recording ideas, ques- 
tions, and connections as they progress through the ISP. Composing in 
a research journal is much more comprehensive than merely taking notes. 
The journal may be started when the project is first initiated and contin- 
ued throughout the process with the purpose changing as the search 
progresses and the narrative emerges. Students may be asked to set aside 
a minimum of ten to fifteen minutes each day to write about their prob- 
lem or topic. These short pieces of writing build the story and enable the 
constructive process. The main objective of composing is to serve as a 
tool for formulating thoughts and developing constructs. 
Composing is a most efficient way for presenting a personal perspec- 
tive on the information gathered on a problem. The traditional research 
paper or term paper can be recast to make the presentation authentic to 
the problem. Composing as a culminating activity should foster creativ- 
ity in presenting a new understanding of the problem that has been for- 
mulated in the ISP. 
CREATING ENVIRONMENTS LIBRARIESLEARNING IN DIGITA  
Learning begins with an area of uncertainty. Something is not known, 
understood, or able to be performed. The student is unable to do some- 
thing, does not understand something, and needs to know more. This 
uncertainty initiates a learning situation. Learning is moving from un- 
certainty to understanding. 
Learning through information seeking promotes a change in a way 
of thinking about something. Learning is measured by this change. The 
student thought about something one way before and now he or she thinks 
about it in a different way. In some instances, a change is sudden, radi- 
cally altering the way something is viewed or the way something is done. 
Such occasions of new insight are referred to as “aha” experiences or 
gestalt. Other learning is reflected in a more subtle change over time, 
but nonetheless a significant increase in understanding takes place. Learn- 
ing is active, individual, and holistic. Under the best conditions, learning 
opens up new worlds to discover and construct that motivate and inspire 
the learner. 
The constructive process of learning involves: acting and reflecting; 
feeling and formulating; predicting and choosing; interpreting and cre- 
ating. These attributes of learning may be considered within the infor- 
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mation search process in digital libraries to reveal important ways to guide 
and coach students. Taken together they suggest an emerging theory for 
creating environments for learning in digital libraries. 
Acting and ReJecting 
Dewey (1933) explained that action and reflection are necessary ele- 
ments in order for learning to take place. Activity without reflection 
rarely leads to new learning. Action that is followed by reflection enables 
students to construct a new understanding from the activity situation. By 
reflecting on the result of an action, students discover new insight into 
their former perspective. 
Librarians can guide students to reflect on their action throughout 
the stages in the information search process. Opportunities for reflec- 
tion need to be introduced into the use of digital libraries. The nature of 
the digital environment, with its abundant fast-paced information, can 
mislead students into thinking that much is being accomplished where 
little actual learning is taking place. Librarians can encourage reflective 
approaches such as suggesting that students stop to read and reflect be- 
fore rushing on. 
Acting and reflecting are important for learning in each stage of the 
ISP but particularly in the early stages to get the process going. At the 
initiation stage, taking some action is essential for getting started. Many 
students experience a tendency toward “procrastination” at initiation and 
need urging to begin. They can be assured that by taking an initial ac- 
tion they are not making an irrevocable commitment but only giving them- 
selves something to reflect on in order to begin the process. They can be 
given advice on searching digital libraries to survey the topic to discover 
if there is “too much” or “too little.” They can search for ideas, terms, 
events, and people that are associated with the general topic. Students 
can be guided through a series of actions and reflections that help them 
to move through the stages of the ISP. They can be helped in the selec- 
tion stage by reflecting on information gathered in their initial prelimi- 
nary action. In a similar way, reflecting on action taken in the explora- 
tion stage enables students to form a focused perspective in the formula- 
tion stage. 
Feeling and Formulating 
Formulation is the primary task of the information search process. 
Formulating is making some kind of meaning from the information gath- 
ered that fits with other constructs the student holds. Formulation fol- 
lows reflection, not in a strictly linear sense but in a reiterative way that 
moves the student toward construction. Through formulating, the 
student’s thoughts change from uncertainty to understanding. Formula- 
tion involves reconstructing a new understanding. First the students have 
to identify what they already know, then reflect on their former knowl- 
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edge and add to it, change it, or discard the new idea. It is not an easy 
process, and it is emotional as well as cognitive. Formulating is not just 
thinking about something but is a holistic experience accompanied by 
deep feelings and emotions. 
Students often misinterpret their feelings in the information search 
process. Rather than recognizing feelings of uncertainty as natural and 
essential to the early stages of the process, they often mistake these feel- 
ings for a lack of ability to do the task or a lack of resources available to 
gather sufficient information. Librarians can help students understand 
the holistic experience of the ISP and to recognize the feelings they com- 
monly experience in each stage of the process. 
Digital libraries do not accommodate feelings in the ISP any better 
than traditional libraries and probably not as well. The emphasis is on 
locating the “right stuff and not on formulating ideas and gaining a per- 
sonal perspective. Students using digital libraries can become so absorbed 
with locating and gathering that they overlook the essential task of for- 
mulating. Librarians can help students attend to the primary task of the 
ISP. Uncertain feelings in the exploration stage of the ISP is an indica- 
tion of a zone of intervention where students may need guidance in work- 
ing to form a focus on which to concentrate their learning. 
Predicting and Choosing 
All throughout the information search process, students have to make 
choices. They choose general areas to investigate, specific aspects to learn 
about, and a focus to understand on a deep level. They choose the sources 
that they will read and the ideas they will develop. They choose the strat- 
egies they will apply for locating information and for formulating a fo- 
cused perspective. Kelly (1963) explains that choices in the process of 
construction are based on prediction of consequences. Prediction plays 
an essential role in the constructive theory of learning. Although Kelly’s 
explanation of prediction seems overly systematic and structured at times, 
when he describes an individual’s experience within the process of con- 
struction, a dynamic uncertain process is revealed. He depicts people 
working through the process by a series of choices from a range of alter- 
natives, and these choices are anything but obvious and straightforward. 
Librarians can give students opportunities to explain their predic- 
tions by openly discussing the choices before they make them and the 
probable results of such choices. Some predictions are obviously off track, 
but many predictions will need to be followed through to fully divulge 
the result of that particular choice. Results lead to further predictions 
and choices and so on throughout the ISP. Students can be guided through 
the process by asking what they think will happen and what they would 
like to happen. 
The ability to predict and to choose is important for selecting sources 
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from the abundance of information available in digital libraries. Students 
need guidance in how to choose from a large number of sources. Being 
aware of the range of sources available, as well as a variety of different 
strategies for accomplishing the tasks in the ISP, enables students to make 
productive choices. Predictions about sources and strategies that are use- 
ful for getting started, or for exploring for a focus, or for collecting for 
presenting a point of view promote a sequence of choices that lead to 
learning. In this way students can learn to diminish the deadening im- 
pact of overload on their efforts to learn in digital libraries. 
Interpreting and Creating 
Interpreting information and creating a new understanding is the 
overarching goal of the information search process. Interpreting is cen-
tral to the constructive process. It is not enough merely to gather infor- 
mation. Bruner (1986) explains that: “If we are to understand it (new 
information), it will not be by means of a positivist archaeology in which 
everything particular about it and everything leading up to it are finally 
dug up, labeled, and collated. However much we dig and delve, there is 
still an interpretive task” (p. 53). 
Interpreting involves creating. The interpretive task of “going be- 
yond the information given” is a central concept in Bruner’s work. Infor- 
mation is interpreted to create what Bruner calls “products of mind.” 
This mysterious capacity to interpret and create is at the core of what it 
means to be human. Interpreting is based on personal constructs built 
from past experience. In this highly individual process, students make 
connections between information in various sources, extend their own 
ideas, and create something new for themselves. 
Librarians play an important role in encouraging students to go be- 
yond the information they collect to create their own understandings. 
In the presentation stage, students should be expected to go beyond ba- 
sic documentation of telling what they have located and where it was found 
to presenting their own narrative about what they learned. They need to 
develop confidence in their own interpretations and be encouraged in 
their original creations, no matter how seemingly simple or rudimentary. 
Students learn from their interpretations and creations in the ISP. In the 
information age, this learning must be able to be accomplished using 
digital libraries. 
CHALLENGESFOR LIBRARIANS 
The future holds great promise for learning in digital libraries but 
seeking meaning in information rich environments is not an easy pro- 
cess. Connection to the digital libraries in the National Information In- 
frastructure/Global Information Infrastructure offers access to an abun- 
dance of resources. However, mere connection to the resources in digi- 
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tal libraries does not automatically provide a better learning environment 
for students. More is not necessarily better without skillful guidance from 
an insightful professional. The call for designing systems for accommo- 
dating learners as users of digital libraries is timely and important. How- 
ever, even the best designed system may fall far short of enabling learners 
to achieve their goal. The central goal of information seeking for the 
learner is to move from uncertainty to understanding. Librarians play an 
important part in facilitating that goal. 
Librarians play a critical role in creating environments that foster 
meaningful and lasting learning in digital libraries. The constructivist 
approach to learning is well suited to the new environment of abundant 
resources. The approach calls for students to formulate their own fo- 
cused perspective within the stages of the information search process that 
enables them to sort through the vast resources of digital libraries for 
those pieces that make sense to them. Librarians who are cognizant of 
the holistic experience of the ISP encompassing thoughts, actions, and 
feelings can identify a critical zone of intervention where students may 
be provided with essential guidance. Librarians can develop new strate- 
gies for guiding and coaching students in the process of learning in digi- 
tal libraries. The vision for the future calls for restructuring librarianship 
to enable children and teenagers to engage in the process of meaningful 
learning in the vast resources of digital libraries. 
In summary, this article has discussed a constructivist approach to 
information age learning environments for children and teenagers, par- 
ticularly as students in schools. An intervention role for librarians has 
been described for guiding and coaching students in the stages of the 
information search process using the abundant resources of digital li- 
braries. Five strategies for coaching students in the ISP-collaborating, 
continuing, conversing, charting, and composing-have been recom- 
mended for adaptation in electronic environments. A theory for creat- 
ing environments for learning in digital libraries has been presented, 
building on the basic concepts in the constructivist approach of acting 
and reflecting, feeling and formulating, predicting and choosing, inter- 
preting and creating. The challenge for librarians, particularly those who 
work with children, is to create environments for learning within the 
digital libraries. 
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How Do Children Find Information on Different 
Types of Tasks? 
Children’s Use of the Science Library Catalog 
SANDRAG. HIRSH 
AESTRACT 
CHILDRENARE INCREASINGLY GAINING access to digitized information through 
many media-nline catalogs, CD-ROMs, online services, and the Internet. 
Using these tools to find the desired information can be challenging, as 
research has shown with adult searchers of online catalogs and online 
databases. Searching these electronic information sources requires a dif- 
ferent set of search strategies and skills than searching print sources and 
appears to be related to the type of information that is desired. This 
article examines some of the issues related to how elementary schoolchil- 
dren find information on different types of search tasks on information 
retrieval systems, focusing on their use of the Science Library Catalog. 
The study found that task complexity and the amount of knowledge chil- 
dren have about the topic influence their success in locating information 
in the Science Library Catalog. 
INTRODUCTION 
Children are increasingly gaining access to digitized information 
made available to them in their schools, homes, and libraries. While 
electronic information retrieval tools such as online catalogs, electronic 
encyclopedias, and the World Wide Web allow children to search for in- 
formation in ways that are not available in print resources, they require 
increasingly sophisticated skill levels and knowledge of search systems. 
In addition, most electronic information retrieval systems have been de- 
signed for adult users with little or no consideration of how young users 
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search and retrieve information. Children are usually expected to search 
the same information retrieval systems designed for adults, but research 
has shown that children’s information needs (Walter, 1994), research 
approaches (Kuhlthau, 1991), cognitive abilities (Siegler, 1991), devel-
opmental levels (Piaget & Inhelder, 1969),and skills (Vandergrift, 1989) 
differ from those of adults. Studies performed on children’s use of on- 
line catalogs, which were designed for adults, have found that children 
usually like using them, but often have difficulty locating specific infor- 
mation related to their information needs. This article explores how 
children find different types of information on an information retrieval 
system called the Science Library Catalog designed specifically for elemen- 
tary schoolchildren. 
THESCIENCE CATALOGLIBRARY PROJECT 
The Science Library Catalog Project began in 1989 as an outgrowth 
of the larger Project SEED (Science for Early Educational Development). 
The Science Library Catalog Project’s goals were to design an interface 
for an automated library catalog that was appropriate for elementary 
schoolchildren and that could be used to increase understanding of 
children’s information retrieval behavior. The Science Library Catalog, 
built in Hypercard on Macintosh computers, provided access to biblio-
graphic records on science topics through a graphical interface and uti- 
lized a bookshelf metaphor to correspond to children’s mental models 
of a library catalog. The Science Library Catalog was designed to mini- 
mize the known difficulties children have with existing online catalogs 
(e.g., spelling, typing/keyboarding, alphabetizing, Boolean logic) and 
to build on their skills and abilities (e.g., browsing, recognizing relevant 
topics, navigating hierarchical displays, using a mouse). Since the project 
began, six experiments were performed in several elementary school li- 
braries and public libraries to test, evaluate, and improve the Science 
Library Catalog interface (e.g., Borgman et al., 1995;Hirsh, 1996a;Hirsh 
& Borgman, 1995). 
The Browse Interface 
The first four versions of the Science Library Catalog interface pro- 
vided children with a single subject search method-a hierarchical brows- 
ing approach to searching for science materials. Using the Dewey Deci- 
mal Classification as a subject hierarchy, the browse interface presented 
children with a “bookcase” containing ten bookshelves; each bookshelf 
corresponded to a Dewey classification with only the science and technol- 
ogy shelves available as search options. This structure enabled children 
to navigate through successive levels of the science and technology hier- 
archies (the Dewey 500s and 600s) by clicking on bookshelves with a 
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Figure 1. Browsing in the Science Library Catalog 
mouse. Figure 1shows a sample browse method search. The system had 
several features that were particularly beneficial for children: first, chil- 
dren were able to initiate a search without generating specific search terms; 
second, there were no error messages in the browse mode of the Science 
Library Catalog; third, the Science Library Catalog provided children 
with a map of the library and indicated where the book was located in the 
library they were using; and, fourth, the system could be used with little 
or no prior training. Results from the series of experiments involving 
the four versions of the browsing only interface are summarized in 
Borgman, Hirsh, Walter, and Gallagher (1995). 
The Browse/Keyword Interface 
The latest version of the Science Library Catalog interface combined 
the hierarchical browsing search method with a keyword search method. 
The keyword method was added because prior research indicated that 
some children, particularly the older elementary schoolchildren, pre- 
ferred to type in their searches rather than navigating through multiple 
levels in the science/technology hierarchy (Borgman et al., 1991). Chil-
dren initiated a keyword search by clicking on a bookworm which was 
located in the lower left-hand corner of every screen and which asked 
“Do you want to type?” After children typed in their search query, the 
system automatically ran each search request through spelling correc- 
tion and stemming programs. The keyword search method matched 
children’s search terms against the subject-rich portions of the biblio- 
graphic record (i.e., the title, subject headings, and notes fields). The 
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Figure 2. Keyword Searching in the Science Library Catalog for Information on “Kanga- 
roos” 
search results were presented as a rank-ordered list of shelf topic head- 
ings which contained book records matching the search request, as seen 
in a sample keyword search for books on “kangaroos” in Figure 2. By 
selecting one of these shelf topic headings, the mouse pointer was auto- 
matically placed at the selected bookshelf heading in the browsing struc- 
ture. The keyword search method was embedded within the browsing 
structure in order to allow children to move easily between the browse 
and keyword search methods at any point during the search process and 
to provide children with context for their search topic. Children were 
able to make the transition between browse and keyword search methods 
without leaving their current search. 
PRIOR ESEARCH 
Research on children’s search behavior on electronic information 
retrieval tools has found that children generally like to search online 
catalogs and electronic encyclopedias, often better than their print coun- 
terparts (Armstrong & Costa, 1983; Alberta Department of Education, 
1983). While children tend to be enthusiastic in their use of electronic 
retrieval tools, they often have difficulty locating specific information when 
they use them (Vandergrift, 1989). One of the most complex processes is 
to express an information need in the form of a search request that is 
appropriate for a search system. Belkin (1980) describes this process in 
cognitive terms as Anomalous States of Knowledge (ASK). ASK describes 
the cognitive state involved in choosing the right vocabulary to describe 
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an information need that may not be fully formulated yet. 
Children’s vocabularies are less extensive than an adult’s vocabulary, 
complicating this process further. Most keyword systems require chil- 
dren to express their information need in the form of a search query to 
initiate the search. Many children find it difficult to select search terms 
and then generate alternate search terms when their first attempt was 
unsuccessful, as found in the study conducted by Moore and St. George 
(1991) with sixth- and seventh-grade children working on an assigned 
research project on birds. Not only is it difficult to select search terms, 
but many print and electronic information retrieval systems require us- 
ers to match their search terms to a controlled vocabulary or classifica- 
tion system. Brown (1995) found that third- , seventh- , eleventh-, and 
college-level students failed to generate subject search terms matching 
expected subject headings in 60 to 70 percent of their trials. It is unrea- 
sonable to expect that children would be able to match adult-oriented 
subject headings since Moll (1975) found that only 32.1 percent of the 
subject headings assigned to the sixth-grade books in her study were at 
children’s reading levels. 
Given these difficulties with selecting search terms and matching stan- 
dardized vocabularies, how successful are children in retrieving informa- 
tion? Studies have found that success rates on online catalogs vary from 
10percent on a touch screen online catalog (Edmonds et al., 1990) to 66 
percent on a standard online catalog (Solomon, 1993) to 80 percent in 
some of the Science Library Catalog experiments (Borgman et al., 1995). 
However, success rates and the search strategies employed on these sys- 
tems have varied by the nature of the search task, such as the purpose 
(e.g., to collect information for a research paper, to find a specific fact, to 
find a book for recreational reading), subject focus, how much the 
searcher already knows about the topic, and complexity (e.g., relative 
ease of locating information on the topic). 
Marchionini (1989) examined the informationseeking strategies used 
by third-, fourth-, and sixth-graders to find two assigned tasks on a menu- 
driven electronic encyclopedia: (1) a closed task, to find a specific fact 
(i.e., the date speed skating was introduced into the Olympics); and 
(2) an open task, to find information about a topic which had many pos- 
sible answers (i.e., information on women space travelers). While the 
study found that children were equally successful on the open and closed 
task, the open task took more time to complete and required more moves 
than the closed task. These findings suggest that search behavior can 
vary depending on the amount of information needed and the purpose 
of the information retrieval experience. 
Children’s familiarity with the topic of the search has been found to 
influence search outcomes in several of the Science Library Catalog ex- 
periments with browse-only versions of the interface (Borgman et al., 
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1995). Science topics appeared to be easier to find than technology top- 
ics since children generally study more science in school than technol- 
ogy and thus have greater domain knowledge in science. Less familiar 
topics, such as technology topics, were harder to find in the browsing 
structure of the Science Library Catalog. These findings suggest that the 
amount of domain knowledge children possess on the topic may influ- 
ence the results, as has been found with adult searchers of information 
retrieval systems (e.g., Hsieh-Yee, 1993; Marchionini et al., 1990). In ad- 
dition, the technology area in the Dewey Decimal Classification appears 
to be less structured than the science area, making some topics particu- 
larly difficult to find in the browsing interface of the Science Library 
Catalog. For example, the most difficult topic to locate in the browsing 
structure of the Science Library Catalog has consistently been “fire trucks” 
and “fire fighting” since these concepts were classified under Technology 
and then Engineering and then Building for City Services. Search topics 
that are more difficult to spell, such as “tyrannosaurus” and “vegetarians,” 
appeared to be more difficult to find in standard online catalogs. 
Search tasks can also vary by their level of complexity (i.e., how hard 
it is to find information on the topic). In a study examining how well 
children’s choice of vocabulary terms matched a standardized vocabu- 
lary, Brown (1995) defined complexity in terms of the number of con- 
cepts represented by the vocabulary term. Studies with children and stu- 
dents have used other measures of search task complexity. Solomon 
(1993) performed an extensive qualitative study of elementary 
schoolchildren’s use of an online catalog over an entire school year. In 
his study, success rates appeared to vary by how concrete or abstract the 
search concepts were. He observed that higher success rates resulted 
when children used simple concrete search terms (e.g., “cats” and “dogs”) 
that matched subject descriptors in the catalog and used alternate search 
strategies when their first strategy was not successful. Older children, in 
grades four through six, had more complex information needs (e.g., top- 
ics like “ancient numerals”) which required more complex search moves. 
However, searches involving more abstract concepts proved to be diffi- 
cult and often resulted in high failure rates (56 percent) since the search 
terms selected frequently did not match the vocabulary of the catalog. 
Matching the vocabulary of the system was found to be problematic 
in an earlier study by Egan et al. (1989). In this study, university student 
performance using a statistics text presented in print form was compared 
to a text browser called SuperBook. The results found that the phrasing 
of a search task affects success. Searchers performed information retrieval 
tasks more successfully when they were given the keywords in the phras- 
ing of the search task that matched records, index terms, or free text 
terms in the search system. 
This research suggests that the nature of the search task and the way 
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it is expressed does influence the search process in terms of success and 
strategies used. This article explores the effect of search task characteris- 
tics on search success and search behavior on an automated library cata- 
log that was designed for elementary schoolchildren and provided chil- 
dren with two subject search options (i.e., browse and keyword) on the 
same search system. 
RESEARCH QUESTIONS 
The research questions presented here represent a subset of the is- 
sues discussed in Hirsh (1996b), which examined the factors that influ- 
ence children’s search success, search behavior, and learning when search- 
ing for information on the Science Library Catalog. The research ques- 
tions presented in this article investigated the ways children find infor- 
mation on different topics and types of tasks on an automated library 
catalog and will contribute to our understanding of children’s informa- 
tion seeking in digital environments. 
Does the topic of the search task influence information retrieval re- 
sults on an automated library catalog? 
Does the complexity of the search task influence information retrieval 
results on an automated library catalog? 
Does the amount of prior knowledge children have about the topic 
influence information retrieval results on an automated library cata- 
log? 
Does success on search tasks vary by search options? 
RESEARCH METHOD 
This study employed one-on-one interviews, online monitoring tech- 
niques, observations, and card sorting tasks to understand children’s search 
behavior on the Science Library Catalog. 
Participants 
Sixty-four fifth grade children participated in the study. The sample 
was balanced by sex, level of domain knowledge in science (high, low), 
and school (school with library, school with computers). Behavioral data 
were collected from two public elementary schools in the Pasadena Uni- 
fied School District. These schools differed in terms of library and com- 
puter resources. The “school with library” provided children with a school 
library, but no computer resources were available at the school at the 
time the study was conducted. The “school with computers” provided 
extensive computer facilities in a computer lab and in each classroom 
but no school library. 
Measures: Independent Variables 
This study examined the influence of user and task characteristics on 
search success and search behavior as children searched for science ma- 
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terials on the Science Library Catalog. User characteristics varied by sex, 
domain knowledge, and computer experience. Children were placed 
into high and low science domain knowledge groups based on their sci- 
ence grades averaged over two quarters and based on teacher recom- 
mendations. 
Children were administered eight search tasks over two interview 
sessions that varied by topic, browsing task complexity, and keyword task 
complexity. Tasks were balanced for browsing task complexity and topic 
but not for keyword task complexity and topic. These task characteristics 
are described in more detail below. Table 1lists the eight assigned top- 
ics; the exact phrasing of the search tasks can be found in the Appendix. 
Science and Technology Topics. Children were assigned an equal number of 
science topics (drawn from the Dewey 500s) and technology topics (drawn 
from the Dewey 600s). The “Technology” category was named “People 
Using Science” in the Science Library Catalog to be more easily 
understood by elementary schoolchildren. 
Browsing Tusk Complexity Browsing task complexity refers to the difficulty 
of matching search terms to standardized vocabularies like the Dewey 
Decimal Classification. Simple-browsing tasks were those in which the 
Table 1. Search Task ToDics 
Topics of Search 
Tasks 
Science/Technology 
Topics 
Browsing Task 
Complexity 
Keyword Task 
Complexitj 
Electricity Science Simple Simple 
Garden Crops 
Saturn 
Technology 
Science 
Simple 
Complex 
Complex 
Simple 
Endangered 
Animals Technology Complex Com p 1ex 
Jellyfish 
Building Homes 
Science 
Technology 
Simple 
Simple 
Simple 
Complex 
Desert Environment 
Astronauts 
Science 
Technology 
Complex 
Complex 
Complex 
Simple 
task phrasing contained match words to the bookshelf or Dewey topic 
headings. For example, “building homes” was considered a simple- 
browsing task because the search terms given in the task phrasing matched 
the terminology of the bookshelf headings in the catalog. Complex- 
browsing tasks were those in which the task phrasing did not contain 
match words to the bookshelf topic headings. The four complex-browse 
topics assigned to children and their corresponding bookshelf headings 
were: 
‘0 “Saturn” was located under the bookshelf heading “Planets.” 
“Desert Environment” was located under the bookshelf heading “Ecol- 
ogy.” 
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“Endangered Animals” was located under the bookshelf heading “Na- 
ture Conservation.” 
“Astronauts”was located under the bookshelf heading “Space Travel.” 
Ktyword Task Complexity. This measure was added during the data analysis 
phase to reflect complexity contributed by the keyword search method. 
Search tasks were recategorized as simple-keyword and complex-keyword 
tasks based on the number of topic headings appearing in the search 
window after a keyword search. Searches that yielded lengthy results sets 
(i.e., greater than ten headings) were considered complex-keyword topics. 
For example, the search for “endangered animals” was considered a 
complex-keyword task because it resulted in a display of fifty-nine 
categories. Searches that yielded ten or fewer headings were considered 
simple keyword topics. For example, the search for “jellyfish” resulted in 
a search window display of only two categories and was considered a simple- 
keyword task. 
Dependent Variables 
The independent variables were measured in terms of success and 
consistency behavior search method. 
Success. Success in finding book records in the Science Library Catalog 
was defined as any book children identified as matching the assigned 
task. Children who were unable to find book records abandoned their 
search. This measure reflects children’s interpretation of the assigned 
search task and the corresponding materials they would use to support 
their research. This was the same measure that was used in all prior Science 
Library Catalog experiments. 
Search Method Consistency Behauioz Search behavior was evaluated with 
children as the unit of analysis and relied on monitoring log data collected 
from the built-in monitoring facility. The monitoring data were reduced 
into search strategy states to reflect the search methods children used on 
each search task. A consistent use of search methods was demonstrated 
when children used the same search method (i.e., browse only, keyword 
only) to complete all eight search tasks performed over both sessions. 
An inconsistent use of search methods was indicated by children who 
used a combination of browse and keyword search methods to complete 
the search tasks-i.e., mixed methods. 
Procedure 
Children were drawn individually from their classes twice for one- 
on-one search interviews each lasting between forty-five to sixty minutes; 
each interview was separated by approximately one week. The Science 
Library Catalog was loaded on a Macintosh Powerbook 160 and was used 
with an attached mouse. Given the differences in research sites, the same 
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database of science records (1,500MARC records) was used at each school. 
No map of the library was included in this version of the interface. 
All of the participants began their first interview session by viewing a 
brief automated tutorial on how to search the Science Library Catalog. 
When they were ready, children were asked to find book records on four 
tasks that were phrased as story questions that were intended to be simi- 
lar to school research assignments. Search topics were selected from top- 
ics covered in the fifth-grade science curriculum and based on discus- 
sions with the teachers to determine science topics of interest to children 
at this age. Each search task was both read aloud and handed to children 
on an individual sheet of paper so that they could read the question. 
Children received identical search tasks in one of four different orders to 
control for systematic variance due to the task sequence. The ordering 
varied by which question set children received first and by the order of 
the tasks within each question set. Children were instructed to tell the 
interviewer when they found the book(s) they would need to write a school 
paper on the topic. In addition, they were told they could abandon the 
search if they were unable to find a book on a topic. Children were 
allowed to search for the topics using any search method they wanted 
and for as long as they wanted. During the search interviews, monitoring 
data were automatically collected on the Science Library Catalog; the 
online monitoring program automatically collected time stamps of each 
user and system action during the search interview. 
The second interview session began by asking children to find book 
records on a different set of four search tasks than previously given. When 
they completed the search tasks, children were asked to explain their use 
of search methods (e.g., browse, keyword, or a combination of search 
methods). At the conclusion of the second session, children were asked 
several questions about the type and extent of their experience with com- 
puters, video games, and online catalogs. 
RESULTS 
The results of the study are discussed in terms of the dependent vari- 
ables: success and search method consistency behavior. 
Search Success by Task Characteristics 
A descriptive analysis shows that children’s success rates varied by 
individual search task as shown in Table 2. Children were most successful 
in finding materials on the simple-browsing task, “Growing Garden Crops”; 
all but two children were successful in locating a book on this task. The 
complex-browsing topic, “Desert Environment,” proved to be the most 
difficult task as only 62.5 percent of the children were successful in iden- 
tifying books on this topic. Children also achieved lower success scores 
on two other complex-browsing topics with three-quarters of the chil- 
dren successfully completing their searches for “Astronauts” and “Endan- 
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gered Animals.” The easiest complex-browsing topic for children to find 
information on was “Saturn” with a success rate similar to those rates 
found on simple-browsing tasks. This topic may have been less difficult 
since “Saturn” is one of the planets that most children learn about early 
in their elementary school program. In addition, the relationship be- 
tween the assigned topic and corresponding bookshelf topic heading was 
more direct and hierarchical than the other complex browsing topics. 
This descriptive analysis suggests that success rates varied by brows- 
ing task complexity. To examine the effect of browsing task complexity 
on search success, tasks were grouped by browsing task complexity (simple- 
browsing and complex-browsing) . Browsing task complexity was treated 
as the repeated factor in a repeated measures ANOVA; domain knowl- 
edge and gender were treated as between group factors. The results for 
this analysis show a significant main effect for domain knowledge (F=4.25; 
df=1,60; p.044). Children with high domain knowledge were more suc- 
cessful in finding book records than children with low domain knowl- 
edge regardless of the complexity of the search task. This analysis found 
a second main effect for the repeated factor of browsing task complexity 
(F=12.63;d&1,60; p.001). Children were more successful in identifying 
book records when they performed simple-browsing tasks (mean=3.5 of 
4 tasks) than when they performed complex-browsing tasks (mean=3.0 of 
Table 2. Frequency of Success by Search Task 
Task Frequency Percentage 
Electricity 56 87.5% 
Jellyfish 54 84.4% 
Growing Garden Crops 62 96.9% 
Building Homes 53 82.8% 
Saturn 55 85.9% 
Desert Environment 40 62.5% 
Endangered Animals 47 73.4% 
Astronauts 48 75.0% 
Note: Sixty-four children searched each task. Percentages are based on the success rates 
for 64 children. 
Search Topics (SimB = Simple-Browsing, ComB = Complex-Browsing; SimK = Simple-Key-
word, ComK = Complex-Keyword; Sci = Science; Tech = Technology) 
Electricity: SimB -SimK- Sci 
Jellyfish: SimB -SimK - Sci 
Growing Garden Crops: SimB - ComK -Tech 
Building Homes: SimB - ComK -Tech 
Saturn: ComB -SimK-Sci 
Desert Environment ComB - ComK-Sci 
Endangered Animals: ComB - ComK-Tech 
Astronauts: ComB - SimK -Tech 
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4 tasks). There were no significant interaction effects. 
A similar analysis was performed to examine whether children were 
more successful in identifying book records on science topics (Dewey 
500s) than on technology topics (Dewey 600s) and to determine the ef- 
fect of domain knowledge by topic. Tasks were grouped by topic (science 
and technology) and a repeated measures ANOVA was used to investi- 
gate this question. The topic was treated as the repeated factor; domain 
knowledge and gender were the between groups factors. The results for 
this analysis found a significant interaction effect for topic by gender 
(F=4.56;df=1,60; p.037). Post hoc tests of simple effects for the interac- 
tion of gender and type of topic revealed that the only significant differ- 
ence resulted from a paired + - test between the means for boys on the 
repeated factor topic ( t  = 2.028; df = 61;p = .047); boys were more success- 
ful on technology topics (mean = 3.4 of 4 tasks) than on scientific topics 
(mean = 3.1 of 4 tasks). In addition, a significant main effect for the 
between groups factor of domain knowledge was found (F=4.25;d f  =1,60; 
F .044); children with high domain knowledge performed more success- 
fully than children with low domain knowledge on both science and tech- 
nology topics. 
Since the keyword task complexity measure was not balanced for sci- 
ence and technology topics, only descriptive statistics are reported. 
Children’s mean success scores on simple-keyword and complex-keyword 
tasks by level of domain knowledge followed the earlier task analysis pat- 
terns. Children with high domain knowledge had higher mean success 
rates on both simple-keyword (mean = 3.6 of 4 tasks) and complex-key- 
word tasks (mean=3.3 of 4 tasks) than children with low domain knowl- 
edge (mean = 3.1 of 4 tasks, mean = 3.0 of 4 tasks, respectively). 
Search Method Consistency Behavior 
Children were treated as the unit of analysis,so the task analyses were 
performed in terms of children’s success on various tasks when they con- 
sistently used the same search method. Looking at search behavior and 
search tasks, the results show that children’s success using the browse and 
keyword search methods varied by the individual search task. Table 3 
shows the success rates of children who displayed search method consis- 
tency behavior by individual task topic. 
Table 3 indicates that the six children who used the keyword only 
method to complete all of their search tasks were successful on all tasks. 
Given the limited number of children who used this method exclusively 
to complete all tasks, it is not possible to generalize about these findings. 
However, the results do suggest that all keyword only searchers were al- 
ways successful in identifjmg book records they considered relevant to 
the search topic. 
The success rates for the fourteen children who used browse only to 
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complete their search tasks ranged from 43 percent on Topic 8 (Astro-
nauts) to 100percent on Topic 3 (Growing Garden Crops). To find book 
records on “Astronauts” using the browse method, children needed to 
navigate through the hierarchical structure by looking first under People 
Using Science, then under Engineering, then under Other Branches of 
Engineering, and finally under Space Flight. Children may not have un- 
derstood what Engineering meant or thought to look under the category, 
Other Branches of Engineering. Books on “Growing Garden Crops” ap- 
peared to be easy for these children to find, probably because the book- 
shelf heading corresponded well with the assigned task. These books 
were located under People Using Science, then under Raising Plants and 
Animals, then under Garden Crops, and finally again under Garden Crops. 
Success rates for the majority of the children (n=44)who used a com- 
bination of browse and keyword search methods or mixed methods dis- 
played a similar range of scores. Children who used mixed methods were 
least successful (52 percent success rate) in finding books on Topic 6 
(Desert Environment) and were most successful (95percent success rate) 
on Topic 3 (Growing Garden Crops). 
Table 3. Success Rates on Individual Tasks by Search Method Consistency Behavior 
Search Topic Topic Topic Topic Topic Topic Topic Topic 

Method n 1 2 3 4 5 6 7 8 

Browse 

Only 14 71% 71% 100% 93% 93% 79% 79% 43% 

Keyword 

Only 6 100% 100% 100% 100% 100% 100% 100°/o 100% 

Mixed 44 91% 86% 95% 77% 82% 52% 68% 82% 
Search Topics 
Topic 1 = Electricity 
Topic 2 =Jellyfish 
Topic 3 = Growing Garden Crops 
Topic 4 = Building Homes 
Topic 5 = Saturn 
Topic 6 = Desert Environment 
Topic 7 = Endangered Animals 
Topic 8 =Astronauts 
In order to understand the relationship between the search methods 
used and the success rate on specific categories of tasks, children’s suc- 
cess in using the browse-only method to search for simple-browsing and 
complex-browsing tasks was examined. Children who used the browse- 
only method consistently to complete all tasks (n=14) performed better 
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on the simple-browsing tasks (mean = 3.36) than on the complex-brows- 
ing tasks (mean=2.93). It was not possible to compare children’s success 
on simple-keyword and complex-keyword tasks when the keyword-only 
search method was used to complete all of the tasks since there was no 
variability in the data. 
DISCUSSION 
While children overall experienced success rates averaging 80 per-
cent across all of the tasks on the advanced version of the Science Library 
Catalog, the results show that success varied by task characteristics. The 
discussion interprets the findings by the research questions posed earlier 
in this article. 
I. 	 Does the topic of the search task injluence information retrieval results on an  
automated library catalog? 
Children were equally successful in finding materials on science topics 
(Dewey 500s) and technology topics (Dewey 600s) on the advanced ver- 
sion of the Science Library Catalog. These findings differ from some of 
the prior studies on the Science Library Catalog browse-only interface 
which found that children performed more successfully on science top- 
ics than on technology topics (Borgman et al., 1995). However, these 
earlier studies also found that children performed equally well on sci- 
ence and technology topics when the topics were searched on keyword- 
based online catalogs. This suggests that the availability of both.keyword 
and browse search methods on the same information retrieval system 
minimized these science/ technology topic differences. 
An interaction effect for topic and gender was found, with boys per- 
forming more successfully on technology topics than on science topics. 
While several research studies have found sex differences in levels of com- 
puter experience and attitudes toward computers, with boys usually hav- 
ing more experience on computers and more positive attitudes toward 
computers (e.g., Fasick, 1995; Harvey & Wilson, 1985), no other sex dif- 
ferences were found in the present study. Thus, this interaction effect 
may be an anomalous finding. 
2. 	 Does the complexity of the search task influence information retrieval results 
on an automated library catalog? 
In this study, two measures of task complexity (i.e., browsing task com- 
plexity, keyword task complexity) were employed to examine their influ- 
ence on information retrieval behavior. The browsing task complexity 
measure investigated the effect of search terminology that did not match 
the catalog’s vocabulary, a common occurrence in information retrieval 
with adults and children (Egan et al., 1989; Moll, 1975; Solomon, 1993). 
Simple-browsing tasks provided children with match words to the catalog’s 
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bookshelf topic headings in the phrasing of the search task, while com- 
plex-browsing tasks did not. The results showed that children achieved 
lower success rates on complex-browsing tasks than on simple-browsing 
tasks. Children experienced the most difficulty locating books on the 
complex-browsing topic, “Desert Environment.” 
Observations of children’s performance on complex-browsing top- 
ics, such as “Desert Environment,” suggested that many children had dif- 
ficulty understanding the vocabulary on some of the bookshelf topic head- 
ings. The Science Library Catalog used a modified version of the Dewey 
Decimal Classification to structure the database, replacing some of the 
difficult and more scientific terminology with terminology thought to be 
more understandable to elementary schoolchildren; this modified termi- 
nology was drawn from the vocabulary in the bibliographic records, such 
as the title and the notes field. Even with these modifications to the vo- 
cabulary in the Dewey Decimal Classification, some of the cataloging vo- 
cabulary used in the system may still have been beyond children’s read- 
ing levels. Some of the children participating in this study were not at the 
reading level for their grade in school, which made some of these tasks 
even more challenging. Given the difficulties children have understand- 
ing the vocabularies in subject classifications, children are likely to have 
even greater difficulty in utilizing adult-oriented systems effectively. 
The keyword task complexity measure investigated how the size of 
the results sets from a keyword search affected information retrieval be- 
havior. However, no evidence was found to suggest that size of results sets 
on the Science Library Catalog influenced children’s success in finding 
information. Since the results sets displayed bookshelf topic headings 
rather than individual book titles (as implemented in most information 
retrieval systems), the size of the results sets was probably smaller than 
those typically resulting from searches on standard keyword information 
retrieval systems. Research with adult searchers on online catalogs has 
found that people generally prefer to scan relatively small results sets, 
averaging thirty items (Wiberley & Daugherty, 1988). It is likely that a 
larger keyword task complexity effect would be seen if this measure were 
applied to children searching other information retrieval systems, such 
as the Internet, which produces extremely large results sets. 
3. 	 Does the amount of prior knowledge children have about the topic influence 
information retrieval results on an automated library catalog? 
The results found that domain knowledge influenced search success on 
all types of tasks. The task analyses found that children with high domain 
knowledge, regardless of the complexity of the task or the science/tech- 
nology topic, performed better on information retrieval tasks than chil- 
dren with low domain knowledge. These findings support prior research 
on the influence of domain knowledge on information retrieval with adult 
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searchers (Allen, 1991; Hollands & Merikle, 1987; Hsieh-Yee, 1993; 
Marchionini et al., 1990, 1991, 1993) and the findings from the expert- 
novice literature in other fields (e.g., education and psychology), which 
found that children who are domain experts performed better on prob- 
lem-solving and memory tasks than domain novices (Ceci, 1989; Chi et 
al., 1989; Gobbo & Chi, 1986). Children with high domain knowledge 
had well-defined and developed knowledge bases that enabled them to 
perform information retrieval tasks more successfully. Similar to 
Marchionini, Dwiggins, Katz, and Lin’s (1993) findings regarding adult 
subject experts, children with high domain knowledge were better able 
to make relevance judgments and to evaluate whether the retrieved in- 
formation actually answered the search questions. These findings on the 
effect of domain knowledge on children’s information retrieval must be 
interpreted cautiously. Given that science grades were used to measure 
children’s science domain knowledge, variations in search success and 
search behavior by level of domain knowledge may also be influenced by 
children’s attitudes toward the subject of science and motivation for learn- 
ing about science, elements not measured in the study. 
4. Does success on search tasks vary by search options? 

The search behavior data suggested that children’s success rates varied 

on search tasks depending on the search methods employed. This dis- 

cussion evaluates performance in terms of each of the search behaviors: 

keyword, browse, and mixed. 

Children who used the keyword method exclusively were 100 per-
cent successful on every task, but only six children fell into this category. 
The implementation of the keyword search method, with its spelling cor- 
rection program, ranked output, relatively short results displays and ad- 
ditional subject context given by placing the keyword searches in the brows- 
ing hierarchy, appeared to allow these children to be highly successful in 
finding bibliographic information. Even with these enhancements, query 
formulation for search options requiring children to type in their search 
queries remains problematic. For example, some children typed in natu- 
ral language queries, such as “how much sunlight and water does a plant 
need” to search for books on “growing garden crops.” While this query 
successfully resulted in book records on the topic of growing garden crops, 
natural language queries may not be supported in other information re- 
trieval systems. 
Children who used the browse method exclusively appeared to be 
most successful when they had a good understanding of the bookshelf 
headings encountered-during the search, such as those for the simple- 
browsing tasks “growing garden crops” and “building homes.” Conversely, 
this group of children appeared to be least successful when the bookshelf 
headings involved less familiar topic areas. For example, this group of 
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children had extreme difficulty finding books on “astronauts,” which was 
located under the bookshelf heading Engineering and further buried 
under the Other Branches of Engineering category; it would be impos- 
sible to know what was included under this bookshelf heading without 
clicking on it first. Similarly, to find books on the simple-browsing task 
‘)jellyfish,’’ children must select the bookshelf heading Microscopic Ani- 
mals in order to reach the lowest bookshelf heading Jellyfish and Their 
Relatives. Selecting the bookshelf heading Fish, which many children 
chose, led them to books about fish in general or to lakes but not to 
books on jellyfish. Thus, while the browse searchers did not encounter 
problems with query formulation, several children had difficulty navigat- 
ing their way to the desired book records since some topics were located 
under bookshelf topic headings that were not obvious or easily under- 
stood by elementary schoolchildren. 
Children appeared to benefit from having more than one subject 
search option, with 69 percent of the children using both the keyword 
and browse search methods to complete some of their tasks. The mixed 
category included both children who made extensive use of both browse 
and keyword methods and those who used primarily one search method. 
Children in this group had a very difficult time finding materials on the 
topic “desert environment,” with half of the children eventually aban- 
doning their search on this topic. From reviewing the monitoring logs, 
many of the children switched back and forth between the browse and 
keyword search methods while searching for book records on this topic, 
suggesting that its location under the heading Ecology was difficult for 
some children using both browse and keyword search methods. In other 
cases, having the ability to use both keyword and browse search options 
led to more successful results. Whereas only 43 percent of the children 
using the browse method exclusively were successful in finding materials 
on “astronauts,” 82 percent of the children who applied mixed methods 
consistently were successful. These analyses show that the success of the 
information retrieval interaction involved not only the nature of the search 
task but also the types of search options available. 
CONCLUSION 
Children were able to successfully find information in the Science 
Library Catalog with a success rate averaging 80 percent across all search 
tasks. However, considerable variation was found in success rates on indi- 
vidual search tasks. These variations were due, in part, to the complexity 
of the tasks, the amount of domain knowledge children possessed, and 
the search methods used. Children achieved higher success rates when 
the search terms they used matched the vocabulary that the system used. 
This finding supports earlier research indicating that children were suc- 
cessful when they used concrete search terms matching the catalog’s ter- 
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minology on an online catalog designed for adults (Solomon, 1993). The 
present study concludes that matching children’s vocabulary to classifica- 
tions is still problematic, even when children searched a system that was 
designed for elementary schoolchildren and replaced some of the most 
difficult terminology with easier to understand concepts. Some children 
would benefit from more help and instruction in formulating and articu- 
lating search queries that are appropriate for search systems. In addi- 
tion, the results indicate that children who knew more about the subject 
area they were searching had higher success rates in finding bibliographic 
information, regardless of the task characteristic. Thus, domain knowl- 
edge appears to be a critical factor influencing children’s search success 
on information retrieval systems and requires further study to determine 
the generalizability of this finding. 
The findings from this study suggest that children are highly success- 
ful in finding bibliographic information when they had several subject 
search options. Most of the children made use of both search options at 
some point during their search. While, in some cases, the use of more 
than one search option indicated that children were having problems 
locating the desired information, in other cases the ability to use more 
than one approach to locate information resulted in successfully finding 
information on the topic. Unlike the findings from children’s use of 
keyword systems designed for adult users, children who searched exclu- 
sively with the keyword search option were successful on all of the search 
tasks. The keyword search option in the Science Library Catalog, which 
was designed to minimize many of the known difficulties children typi- 
cally have with this method, appeared to yield productive results. Chil- 
dren who searched exclusively with the browse search option appeared 
to be more successful when the bookshelf headings they encountered 
involved terminology that was more familiar to them and easy to under- 
stand. 
In conclusion, as children prepare to work and learn in an increas- 
ingly information-oriented society that uses technology to distribute and 
provide access to information, children need the search skills and the 
search tools that will enable them to find the information they need. In 
general, the Science Library Catalog provided children with an appro- 
priate interface for finding bibliographic information. However, more 
information retrieval tools designed specifically for children are neces- 
sarily in order to facilitate children’s information-seeking in digital envi- 
ronments. 
APPENDIX 
EXACTWORDING TASKSOF SEARCH 
Electricity 
Electricity is necessary for turning on light switches and for using electric 
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sockets. Electricity allows household appliances, such as your refrigerator, to 
run. Your task is to look for books about electricity for writing a school paper. 
Garden Crops 
Growing plants, such as vegetables and flowers, requires knowledge about 
many things. For example, people with gardens need to know how much water 
and sunlight to give their plants. Your task is to look for books about growing 
garden crops for writing a school paper. 
Saturn 
When it is dark, you can see stars, moons, and other objects in the night-
time sky. One of the objects in the nighttime sky is Saturn. Your task is to look 
for books about Saturn for writing a school paper. 
Endangered Animals 
The increasing size of the human population has led to the near extinction 
of several animals, including whooping cranes, bald eagles, and whales. There 
are people now who try to save and protect these rare and endangered animals 
from extinction. Your task is to look for books about endangered animals for 
writing a school paper. 
Jellyfish 
There is an entire world of living creatures that inhabit the ocean. One of 
the most fascinating creatures is the translucentjellyfish. Your task is to look for 
books about jellyfish for writing a school paper. 
Building Homes 
The process of building a home is complex. It requires many steps, includ- 
ing designing architectural blueprints, surveying the land, and building the 
frame. Your task is to look for books about building homes for writing a school 
paper. 
Desert Environment 
One of California’s most famous deserts is the Mojave Desert. The desert 
environment provides a home to unique plants, such as cacti, and animals; these 
plants and animals have adapted to living in the harsh desert climate. Your task 
is to look for books about the desert environment for writing a school paper. 
Astronauts 
Travel in space is for real. First animals were sent into space to orbit the 
earth. Now humans pilot spacecraft in our universe. Your task is to look for 
books about astronauts for writing a school paper. 
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Searching for Digital Libraries in 
Education: Why Computers Cannot Tell the Story 
BERTRAM AND KEVINM. LEANDERC. BRUCE 
ABSTRACT 
THISARTICLE ARGUES FOR THE evaluation of digital libraries in schools by 
drawing upon situated observations, an exploration of educational goals, 
and a discusssion of current technologies. As most of the research and 
development of digital libraries has been directed toward specialized 
workplace settings, the authors posit that an unrealized potential exists 
for the development of educational digital libraries, raising a number of 
current questions and challenges. First, the meanings and practices of 
information searching and information use are explored from the per- 
spectives of teachers and students. The article next focuses upon con- 
texts of library activity, emphasizing how physical and digital spaces carry 
their own meanings in relation to the school community and pedagogi- 
cal practices. Further, these physical and digital spaces articulate and 
become the contexts of new hybrid practices and roles for educators and 
students alike. 
RETHINKING INFORMATION AND LEARNINGWORK 
In a library at a university laboratory high school, first-year students 
are searching for information about corn snakes to learn more about the 
snake living in their classroom terrarium. Part of their task is also to find 
a fitting name for the snake, something more creative than “Corny,” and 
in so doing they are directed toward a variety of sources. Most of the 
eighteen students are seated at library tables and thumb through various 
texts-e.g., encyclopedias, reptile reference guides, books about 
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mythology. At one of the book tables, one boy remarks that he likes 
encyclopedias best among all of the available sources: “Here you get 
more of the kind of stuff you need for school projects.” 
Along the edge of the room, four of the students, all boys, are seated 
in pairs around two computers. A fifth boy, Matthew,* has assumed a 
holding pattern behind one group, tapping his pencil on a chair back 
and peering over the shoulders in front of him. The two boys are using 
“Homework Helper,” a commercial searching program and network of 
databases that permits students to access a given range of resources via an 
Internet connection, including newspapers, periodicals, academic jour- 
nals, and reference texts (see Weinberger in this issue of Library Trends). 
In Homework Helper, students can enter a string of words, even an en- 
tire question, to search in an open text format. The boys enter the words 
“corn snake” and are directed to a number of references by the system, 
including, curiously, a passage from KingLear. In the passage (Act 111, Sc. 
7), Cornwall’s servant turns on his master, who is treacherously poking 
out the aging Gloucester’s eyes. As he draws to fight the servant, Cornwall’s 
line is ironically “My villain!” Thus, the cross reference to corn snake in 
this search is at least double: “Corn” is an abbreviation for Cornwall, and 
snake, of course, is a synonym for villain. 
At another computer in the back room, designated by the librarian 
for CD-ROM use, another student, Felix, also decides instead to use Home- 
work Helper. Felix says that he has found Homework Helper to be the 
best resource for research: “You get the articles with the data and every- 
thing and you don’t have to go looking around.” Felix glances briefly at 
a few sources, and then his attention is drawn to Aztec snake poems pub- 
lished in an online copy of Bilingual Review. Felix reads several poems, 
selects three of them to print, and then returns to the main room and 
takes a seat at a book table. 
While the students are seeking information, the teacher, like the li- 
brarian, moves about the room helping them find and use sources. From 
an outsider’s perspective, the two move in parallel paths and interact with 
the students in similar ways. Fifteen minutes into the class period, the 
teacher moves to the computers to notify the students that their online 
time is up. In order to mediate what has thus far been unequal access to 
the technology by gender, she also announces that only girls may use the 
machines during the next round. Thus begins the era of digital library 
use in a school. 
We have opened this discussion by taking you with us to a high school 
library, as we believe that the students’ ordinary actions raise a plethora 
* All events in this article are factual. The names of the students are, however, 
pseudonyms. 
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of questions about what digital libraries do mean and could mean for 
education. This brief portrait of students working with resources sug- 
gests two critical vantage points for discussing digital libraries with and in 
their contexts of use. From the first vantage point, we focus upon infor- 
mation-related activity within school contexts. From the second we con- 
sider schooling contexts themselves as a lens for the information-related 
activity within them. 
The two vantage points of activity-in-context and context-of-activity 
are intended to begin a dialogue on the meanings of digital libraries 
within schools. They presuppose that understanding human activity in 
situ (Chaiklin & Lave, 1996;Leont’ev, 1978; Wertsch, 1981),more or less 
mediated by tools, will yield us a clearer understanding of the meanings 
of the activity, the tools, and the context, than that provided through a 
focus on technological features alone. This presupposition is nearly a 
truism, yet it is implicitly denied in many discussions describing the search 
features of some new digital library tools. Before proceeding, we briefly 
outline the concept of a situated evaluation of technology. 
DIGITAL,IBRARIES:THEIR IN CURRICULAREALIZATIONS P ACTICES 
As scholars have paid greater attention to technology in recent years 
(Bijker et al., 1987; Bromley, in press; Heidegger, 1977; Ihde, 1990;Latour, 
1993), an odd consensus has emerged. The more we focus on technol- 
ogy, the less important specific technical characteristics appear and the 
more we begin to appreciate the ways technologies express ideologies 
and the ways they are embedded in daily practices. It soon becomes ines- 
capable that to understand what a technology means we must understand 
how it is interpreted, employed, and even reconstructed through use. 
This view has influenced evaluations of specific technological inno- 
vations. The concept of situated evaluation has been proposed (Bruce et 
al., 1993; Bruce & Rubin, 1993;Lave & Wenger, 1991) as an alternative to 
the usual assumption that a technology can be meaningfully defined out- 
side of its associated practices. Situated evaluation assumes instead that a 
technology comes into being through its realizations in concrete situa- 
tions. Thus, a crucial initial task for any researcher is to understand the 
various realizations of a technolocgy before addressing the familiar ques- 
tions about its effects. In the case of digital libraries, this means that we 
are unlikely to learn much about their meaning for education without 
better ethnographic accounts of what happens when they are actually 
used. This essay raises a number of questions and issues that ongoing 
situated evaluation might address. 
Despite the potential of digital libraries for education, relatively little 
of the investment in digital libraries has been directed at public educa- 
tion. Instead, large corporations have become initial users and develop- 
ers, creating special purpose libraries to serve their specific needs, usu- 
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ally tucked neatly away behind network firewalls that permit, at most, 
extremely limited and carefully controlled access to the public. And pub- 
lic funds have been devoted to creating digital libraries to serve small 
technical communities, such as space scientists, not for general-purpose 
libraries or education. This contrast suggests an unrealized potential 
and highlights our central concern: How do the practices, values, and 
contexts of schooling particularly shape the meanings of digital libraries 
for education? As we explore this question, we suspect at the outset that 
simple answers such as, “a digital library for children holds children’s 
books rather than technical articles” or “a digital library represents texts 
in electronic form and displays them on a screen” obscure, rather than 
reveal, how these new media may change education, or how they might 
be developed with educational goals. 
PARTI: ACTMTYIN CONTEXT 
In our discussion of activity, two broad types are analyzed: informa- 
tion searching and information use. Several questions become relevant 
in a consideration of searching practices. How does the use of different 
tools, such as text-based encyclopedias or Homework Helper change the 
activity of searching and its meanings? How do such tools embed values 
and ideologies? How does their use construct the meanings not only of 
searching but of a school-based collection? 
From information searching we turn to information use. How might 
pedagogical needs and purposes in using information be characterized? 
How do such intentions differ from those of adults in specialized work- 
place settings? In our example, for instance, what resource might we say 
would be most helpful in assisting a student to name a corn snake? What 
other purposes of the teacher and students are at work? 
The Search for Information and Meaning 
Questions about searching in digital libraries inevitably evolve into 
questions about the nature of the searchers themselves. Thus, it is note-
worthy that most current research, and consequently, dominant concep- 
tions about digital libraries have been directed toward specialized work- 
place users-adults with shared academic, professional, or business work 
practices, ways of speaking, knowledge bases, and values. Currently, it is 
much less clear how to think about the nonspecialized user, an issue com- 
plicated by both the vast range of information needs and technical exper- 
tise of such an imagined group. As Finholt (1995) remarks: “Insights 
gained from observing space science faculty might indicate a set of de- 
sign considerations wholly inappropriate for less advanced users. Sec-
ond, when users don’t bring shared assumptions and expectations to a 
technology, who or what arbitrates among conflicting demands?” (p. 51). 
A “generalized user” becomes all the more complex to envision as 
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we consider the special needs of schoolchildren at a range of develop- 
mental levels who often work together in highly heterogeneous groups 
rather than in self-selected specialized communities. If the digital library 
is intended to optimize resource access for these children as a “class” of 
users, then what sorts of assumptions should we make about them? Such 
assumptions, encoded into software, hardware, and network design, will 
construct at a minimum our vision of a student user’s background knowl- 
edge, familiarity with categories, reading level, and school-based needs. 
Additionally, as digital library design may embed seemingly endless trails 
of hypertextual links, such trails presuppose users who can identify them, 
who recognize the political biases of particular references, and who un- 
derstand critically the authority of given resources. 
None of this is to say that digital libraries ought to mirror perfectly 
any given user’s needs, knowledge, and quirks. Even thinking about corn 
snakes and Cornwall in the same breath, or especially corn snakes and 
Aztec poetry, can be a serendipitous interdisciplinary link rather than a 
distraction to the purposeful user or curriculum. Our goal is to continu- 
ally turn the discussion back to students and educators as searchers, rais- 
ing questions about who they are, what their practices and needs are, and 
what we expect them to know. 
Searching in the School Library 
Perhaps one of the most common meanings for the term “digital 
libraries” in public school contexts today is the movement in many loca- 
tions to automate or digitize library bibliographic records and hence to 
bring the entire circulation process online. Besides the obvious benefits 
to the librarian of this evolution for record keeping, inventory, and rou- 
tine circulation work, what does this change mean for the searching prac- 
tices of students within the library? At least some librarians strongly be- 
lieve that creating a digital base of bibliographic records is an important 
advance for the searching student-the collection of texts is best accessed 
via a collection of bits and bytes. In this view, online forms of informa- 
tion are best understood not as competing with their hard-copy predeces- 
sors, or the collections to which they point: “rather, these new forms ap- 
pear to reinvigorate the old, extending their useful social life, not ending 
it” (Brown 8c Duguid, 1996). 
Some of the differences between card catalog and digital records are 
not evident on first glance: One must look beyond the mere technical 
translation of the bibliographic records to the redesign of the digital forms. 
MARC records permit topical searching that is more attuned to everyday 
language use than are the increasingly arcane Library of Congress sub- 
ject headings and keyword searching of an entire record. Keyword search- 
ing of MARC records that include information well beyond that of their 
three-by-five ancestors, such as more extensive summaries or notes about 
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texts, can yield especially rich cross-referencing. 
In fact, digital bibliographic records may well reverse student angst 
in locating information from the common moan “I can’t find anything!” 
to the problem of not knowing how to limit available resources. One 
librarian illustrated this point for us by talking about a CD-ROM-based 
search system that references magazine article abstracts (EBSCO). The 
students continually struggle to focus their search topics. She half-jok- 
ingly points back to the technology as a guide telling them: “The ma- 
chine is set on 250. If you get 250 on anything, you haven’t sufficiently 
narrowed your search.” 
Simultaneously, paper-based card catalogs offer unappreciated ad- 
vantages of their own. The haptic or physical presence aspects of infor- 
mation representations are only now being understood in an analytical 
way (Haas, 1996; Latour, 1986; Pimentel & Teixeira, 1993; Star, 1988, 
1989), despite the common awareness that we often find things by cues 
such as, “having to bend over to reach it,” “on the other side of that pil- 
lar,” or “in the musty area of the reference room.” Also, a physical card, 
unlike a digital record, permits a searcher to view both a single record 
and an entire collection and the relationship between them. The obser- 
vation that different representation systems afford different ways of search- 
ing only highlights the need to consider the complex of user and tech- 
nology when discussing how an information system works. 
Further, institutional constraints need also be considered in making 
decisions about the uses of more or less technological forms, a problem 
that becomes much more evident in schooling than in workplace set- 
tings. For instance, given the current funding levels of school libraries, it 
could be said that card catalogs generally permit broader access than 
digital records. While several students can access a card catalog at any 
moment, even pulling out drawers and retreating to corners of the li- 
brary, the number of students accessing digital records is limited to the 
availability of computer stations. Presently, it is not uncommon to find 
school libraries with only one or two such automated catalog stations, or 
to find librarians who wrestle with making their personal work comput- 
ers publicly accessible. 
Finally, as decisions are made about networking individual school 
libraries to one another, the meaning of searching within a particular 
library, as well as the distinctive identity of a library’s collection comes 
into question. The negotiation of the value of individual identity and 
autonomy with the benefits of networking appears to be more acute in 
schools than within workplace settings, where accessibility to broad and 
exact resources is often the driving concern. An elementary school li- 
brary that we visited, servicing a school with a highly diverse international 
student population, is one striking example of an identity deeply embed- 
ded in its student community. A significant part of the library’s collec- 
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tion are several thousand books in over fifteen languages, including Ko-
rean, Hebrew, Bahasa Indonesian, and Urdu. What could be the poten- 
tial benefits and risks of making this collection, so diverse from any other 
in its school district, a seamless part of a larger whole? 
Or, as a related issue, how do the technical requirements and tasks of 
digitizing bibliographic records threaten the kinds of diversity that school 
libraries ought to celebrate? Miill the technical capabilities and work prac- 
tices constructed through networking drive not only catalog design but 
influence holdings as well? For instance, school libraries typically pur- 
chase commercial software to help them automate their bibliographic 
records, which will arrive preloaded with a select group of common book 
records and permit additional records to be added one at a time. Natu- 
rally, the library mentioned above will require extensive hand-entry of 
data: The staff estimates the task taking from two to five years, depending 
upon the availability of volunteers. Without such support, or without 
individuals’ tireless efforts to preserve unique collections, might auto- 
mated and seamless district, state, and national collections, for all they 
might offer in size, begin to encourage the evolution of the bland and 
regimented “McLibrary”? 
Technical Tools for  Searching 
The ideal of a vast library collection that is also easy to use is often 
said to be realized within digital libraries. The two values embedded 
within this ideal-size and accessibility-and the ways in which they com- 
pete with one another, are a problem reflected through many more or 
less technical attempts to realize the ideal, such as the Library of Con- 
gress subject headings. Digital collections in schools can be imagined as 
falling at many points along the size continuum. Here we will briefly 
consider two extremes-the CD-ROM and the Internet-and their rel- 
evant searching practices and issues. 
The CD-ROM encyclopedia has become a common enough tool in 
school libraries that we might even say it is the archetypal digital library 
in schools. In many cases, most of the digital information within a given 
school library is encoded on the disk or two that represent an encyclope- 
dia set. Even relatively inexpensive home computers will often be pack- 
aged with CD-ROM encyclopedias, so some students experience the same 
version of digital libraries in both contexts. The encoding of an entire 
encyclopedia onto a compact disk, or onto the new DVD format, is a 
tangible example of the potential value of representing information in 
compact digital form. Moreover, the value of CD-ROMs resides in the 
fact that they are not simply technical translations-digital forms of a pa- 
per text-but rather transform their respective texts by permitting multi- 
media representations (stereo sound, video, enhanced graphical capa- 
bilities). 
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As CD-ROM encyclopedias represent a very small digital library, the 
difficulty of searching within them might be expected to be generally 
low. Further, it has been said that the practices involved in searching 
physical encyclopedias-selecting a particular page or two, skipping 
around-can be described as nondigital hypertextual practice, such that 
the movement from the use of such texts to their digital forms may be less 
abrupt than for some texts. Typically, the kinds of complaints that educa- 
tors raise about CD-ROM encyclopedias have less to do with information 
searching and are more pointed toward the range of student practices in 
using them. For example, some students will use the CD-ROM encyclo-
pedia as their only resource in library research, neglecting valuable books 
and periodicals around them. While the same student may have formerly 
relied on a shelf of text encyclopedias alone, this narrow range of search- 
ing is all the more evident when the student plants himself at a single 
machine while a queue forms behind him. On the one hand, this student 
might be engaging most of the school’s latest technology, which we cel- 
ebrate, and on the other hand, we attribute his painfully narrow use of 
sources to the technology. 
One metaphor of the Internet might be that of an enormous tower 
of CD-ROMs, stretching somewhere into the clouds, packaged together 
with some communication tools. Yet such a vision misses the essential 
element that constructs the Internet as a digital library and sets it apart 
from stand-alone systems: the multiple ways and means through which 
sources are interconnected. From the resource perspective, the Internet 
might be seen as a wonderful classroom and digital library of the twenty- 
first century while, from the perspective of searching and information 
retrieval, it may well be, as Jacobson and Ignacio (1995) note, “the 
librarian’s nightmare in terms of the lack of control over searching rules 
and expectations” (p. 21). Nilan (1995) reminds us that the navigation 
metaphors used for forays into cyberspace make sense only as long as 
adjacency within this “space” has some shared sense of meaning (p. 38). 
The Internet is difficult to search not simply because it is large, but be- 
cause of how it has become large through loosely related, flexible self- 
organizing efforts distributed across the globe through a process with 
relatively little common structure. Consequently, browsers and search- 
ing tools, while attempting to move users in specific directions, continue 
to re-enact the flexible and divergent means of the Internet’s ever-be- 
coming. Nilan’s (1995) critique of the immense size and interconnectivy 
of digital libraries, that “even the systems no longer know what is in the 
collection” (p. 38) , is especially true of the Internet, where at no single 
moment can one isolate the development of “a system.” 
What meanings do such characteristics of the Internet have for the 
student searching on it? A range of viewpoints from students and ac- 
counts of their work by teachers and librarians have emerged. Some 
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students approach the Internet as The Digital Library, assuming “if it’s 
not here it’s not anywhere,” which can lead to the related notion that 
sources have value by virtue of having an electronic link. Educators are 
perhaps more anxious about students who imagine that the Internet is 
the only source worthy of searching as they are about those who resist 
using it. Such anxiety is fueled by public rhetoric around the Internet 
that constructs it as related to all that is ill about American education: It 
is an endless repository of mental junk food, digital Wonder Bread of the 
199Os, mildly fortified. While we might praise the student who continu- 
ally returns to a single shelf of tried and true texts as he produces papers 
across subject areas, we might shudder at the prospect of Matthew in our 
opening scenario-hovering about chair backs, seemingly at a loss within 
the library until the computer becomes available again. The fears of 
what he might find as he searches the Internet, and what he might not 
find, augment one another. 
Unlike Matthew, other students are much more critical of the Internet 
as a resource or, in searching within it, find it out of synch with the kinds 
of resources typically required in school work. What do personal home 
pages about snakes, for instance, have to do with verified scientific knowl- 
edge of them? Further, students and educators alike find themselves his- 
torically at a juncture where notions about using Internet sources as au- 
thorities are still being formed and contested. Technologies that con- 
tribute to a particular world or other-world view are likely to be chal- 
lenged. The confirmation of Galileo’s telescopic sightings of Jupiter’s 
moons, for instance, was largely dependent upon the development of 
agreed-upon practices of observation, and the concomitant development 
of a theory of telescopic vision by Kepler (Feyerabend, 1993). Similarly, 
sightings through the Internet are often uncertain, unstable, and hazy, 
needing verification across time through stabilized practices and theory 
development. In this new medium, an individual can produce a home 
page on the Internet with a visual rhetoric of authority that isjust as com- 
pelling as the site of the Smithsonian Institution. The Internet tends to 
strip away physical artifacts of authority that we have come to depend 
upon, including the feel of hardcover books, the names of publishing 
companies, and the plain crisp lines on journal jackets. 
Mediating Technology Use and Technology as Mediator 
In the traditional library of texts, the librarian, aided by teachers and 
others, serves the role of mediator-selecting and arranging sources af- 
ter a good deal of browsing and evaluating. While a loose and limited 
amount of arrangement is present on the Internet, centralized selection 
is virtually absent, so it could be expected that the user would enact a 
hybrid role of librarian and end-user: She both chooses the collection 
through browsing/surfing and then passes again to search through a 
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selected domain. How much of this work might we expect students to 
pull off! Perhaps we should not be too surprised if they perform one of 
these roles well-if they are good “surfers” but fail to put to use what they 
find, or conversely, if they readily put a chosen “collection” to use that far 
underestimates available resources. In order to mediate some of the dif- 
ficulties in using the Internet, a range of resources and initiatives are 
being attempted. One way to consider such human and technical re- 
sources is that they enact part of the librarian’s role: pre-selecting an 
available collection and further organizing it according to a particular 
logic and values. 
A range of such mediating tools exists, from introductory courses to 
search engines. In our introductory classroom scenario, the students are 
using a program named Homework Helper, which is not an Internet tool 
per se but functions through an Internet connection to provide access to 
both restricted and public domain databases. Homework Helper is set 
up with the following search categories: Arts & Entertainment, Interest- 
ing & Fun Items, Health & Medicine, Literature, Sports, Business, Poli- 
tics & Government, History, and Science & Technology. A student may 
browse a topic with any combination of these subject categories. For 
example, one student we observed found that in his initial open-ended 
category search he was getting “a whole bunch of things that didn’t make 
any sense.” When he limited the subject field to “science,” the informa- 
tion he was after on corn snakes appeared more focused according to his 
needs. 
In a very different type of mediative effort, many educators are be- 
ginning to construct their own home pages as shells or gateways to guide 
their students on the Internet for specific types of information searches. 
In one such large-scale project, researchers working with the University 
of Michigan Digital Libraries (UMDL) are developing a Science Teach- 
ing and Learning Project (http://www.si.umich.edu/UMDL/)that per- 
mits students to explore focused questions through the Internet. Through 
the course of their research, students have available online an overview 
of the inquiry process, a description of the desired end project, possible 
questions to pose, and valuable references. Thus the site is a hybrid of a 
range of pedagogical issues and requirements and a simplified map to 
the Internet, carving out a niche of questions to keep an investigation 
going with a preliminary set of resources. 
The possibilities of mediative tools for the Internet are promising 
indeed. Not only are the needs obvious in order to better search the 
Internet as a meaningful digital library, but the tools themselves can ef- 
fectively become embedded in the Internet, as described in the UMDL 
project, and contribute to a growing library of educational resources. At 
the same time, it is important to recognize that such tools, as they enact 
the roles of librarians and teachers, delimiting the scope of the Internet 
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and framing digital libraries within it, themselves encode educational 
values and perspectives. For instance, Homework Helper not only re- 
flects but also helps to construct the roles of particular search categories. 
How does thinking about Business and Politics & Government as two 
distinct categories, for example, inform one’s viewpoint? How will the 
practices of users and the technical tools encourage or discourage cross- 
disciplinary connections? Likewise, the UMDL Science Teaching and 
Learning Project does more than simply help students select resources; it 
also instantiates a particular approach to inquiry by scripting particular 
“driving questions,” prompting with other questions, and determining 
the scope of a final project. In sum, any effort to make choices within the 
Internet’s sea of resources inevitably makes evident a particular set of 
values. At a minimum, we should avoid the temptation to consider 
searches of any digital resource as a student exercise with value-free tools. 
Beyond that, we need to enter into dialogues with such tools, their histo- 
ries, and their uses, in order to better understand the discourses that 
speak through them. 
From Seurcliing to Utilization: Information as Pedago<pmlTool 
At a working session of a recent national conference on digital li- 
braries, one research group presented a model of the “life cycle” of infor- 
mation, which attempted to capture the idea that digital libraries are both 
repositories of resources and interactive communities (Borgman, 1996). 
The information life cycle depicts three broad phases of information use 
and life in a social system: creation, searching, and utilization. In the 
contexts of specialized workplace and academic libraries, a great deal of 
emphasis is put on information searching; there is a strong sense in which, 
once the librarian helps to locate specific information, his or her job is 
finished. This short curve of interest in information is also evident in 
digital library research and development work, largely sponsored and 
directed toward the needs of specialized professional communities. When 
such research does point to phases of information utilization and cre- 
ation, it is often only to better consider how specific searching technolo- 
gies might be made more effective. Additionally, the Information Life 
Cycle itself implies a particular view of information use that is character-
istic of academic and workplace communities: Through activities of “re- 
tention” and “mining,” information leads to the creation of more infor- 
mation, which can be searched and used by others in similar fashion (just 
as we are currently using the Information Life Cycle in this essay). 
What can one say about information utilization in education, and 
what meaning does this have for the development and use of digital li- 
braries? We would like to posit that, for educators, searching and locat- 
ing precise information is often less significant than are the entire range 
of goals prompted once a resource becomes available. What body of 
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resources could we claim is necessary for children’s digital libraries? While 
current and diverse resources are helpful and can contribute in signifi- 
cant ways to curriculum, in many cases one resource can be substituted 
for another to achieve an educational goal-the processes of use are far 
more significant than is the availability of a fixed data set. 
Educators’ goals may well include the “mining” and “retention” of 
resources, but they also want children to share, manipulate, play with, 
imitate, critique, oppose, and become increasingly curious about the re- 
sources they encounter. They want children to consider not only the 
resources themselves, but to look behind them and understand the pro- 
cesses of producing them, their intended audiences, and their possible 
meanings. Many educators value children learning certain intertextual 
connections between resources, but they also want them to develop their 
own categories, relationships, and understandings. Perhaps most impor- 
tantly, they want children to develop the kinds of skills and understand- 
ing that would enable them to create resources of the kind they would 
find in digital libraries. Thus, children are potential authors for the li- 
brary. This is a role few seriously imagine they can play with respect to 
traditional libraries. 
Moreover, in many situations, educators encourage and cajole chil- 
dren to use digital resources not for what these sources may contain but 
for experiences with the technology itself. In a workplace setting, it would 
be very rare indeed to hear a supervisor say to one of her workers, “Jim, 
I’d like you to find some information on a CD-ROM today and then take 
a look at some Web pages. Any old information will do-I just want you 
to experience the process.” However, formal and informal assignments 
not too unlike this are continually a part of the educational fabric, espe- 
cially as diverse technological resources become more available and the 
need for training increases. In our opening scenario, for instance, the 
teacher’s decision to limit computer use to fifteen minutes was not guided 
by a particular information-based vision of what the groups could find 
within these limits, but by the classroom objective of giving all of the 
students some experience with the technical resources. 
Even from this brief discussion, the diverse and sometimes contra- 
dictory uses of information resources in education become evident. A 
significant challenge for digital library design and use in education will 
be to support the range of goals that are already alive in the classroom 
rather than simply making information a commodity. How can digital 
libraries and their use open up a child’s inquiries, rather than bring them 
to closure? How might they enhance a child’s critical acumen rather 
than dulling it? How might they assist in teaching students search pro- 
cesses rather than mystifying or suppressing this instruction? 
Without asking what we value as we use digital libraries or any educa- 
tional technologies, we risk failing to see their transformative potentials 
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and, at worst, we risk importing a contrary set of values that are embed- 
ded in such systems from their histories in other locations. For digital 
libraries, such an implicit value could be summarized as “complete infor- 
mation access leads to better education,” just as it may lead to better aca- 
demic research and workplace practices. However, the many teachers 
and librarians who have stacked unused textbooks and shrink-wrapped 
software packets in the corners of their rooms know that access is only a 
beginning. 
In fomat ion  Use: Student Perspectives 
Student use of different technologies, whether they be textual ency- 
clopedias or the Internet, will be informed by, and in turn will help con- 
struct, the kinds of values that retain significance in schooling. In our 
opening scenario, one of the boys remarks that he likes encyclopedias 
best for school projects as they are more likely to have “the kind of stuff 
you need.” It would seem safe to say that encyclopedias also present in- 
formation in the kind of clipped fact-by-fact form that school projects 
often encourage. As long as the teacher and the assignment follow the 
status quo, the encyclopedia is likely a smart choice by the boy according 
to his assessment of what to do in school-it follows both the form and 
content of what an eventual report should look like. Further, students 
are often pressed for time, either by school scheduling or procrastina- 
tion, and will often find the most efficient ways of completing work, a 
quality that educators find both admirable and dismaying. The example 
illustrates how we cannot separate our vision of digital library design and 
use from the more basic issue of the kinds of work that educators assign 
and reward. In our experience, students are generally quick to under- 
stand not simply schoolwork as it is formally written, but the hidden texts 
of schooling-i.e., its implicit values such as grades, competition, or fash- 
ionable appearance-and they shape their actions and identities accord- 
ingly. 
The stated and unstated values of an educational context will further 
intersect with the interests and needs of the student, as well as with avail- 
ability and nature of technological tools she is using. For instance, a 
common complaint about CD-ROM encyclopedias among educators is 
that students can use them to plagiarize more easily for their school work. 
From this complaint, we could turn toward the moral weaknesses of today’s 
youth, or we could turn instead toward the technology as encouraging 
unethical behavior. What if instead we were to take the entire event as an 
occasion where the school context, the assignment, the student, and the 
technology co-construct meanings together, and where the outcome is 
more or less predictable? Or how might the sociotechnical occasion be 
used by educators to teach ethical behavior for the many dilemmas- 
such as plagiarism-that students are likely to encounter in future work- 
place settings? 
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PART11: CONTEXTSOF ACTMTY 
In this second major section, we focus more directly on context and 
consider how school library contexts may shape the activities within them. 
What meanings, and potentials, do both physical and digital spaces hold 
for pedagogical purposes? Further, how do such spaces merge? What 
does the movement from a physical corn snake to a cybersnake, from a 
science text to an e-mail communication, suggest about library hybrids in 
educational use? 
The Articulation of Physical and Digztal Space 
Shifting our focus from activity to context permits us to discuss the 
practices and roles of library users from a second vantage point, thereby 
addressing a few questions and raising new ones. Focusing first upon 
“library,” what purposes do school libraries serve as physical spaces? What 
is it about these physical spaces that we would hope to make digital? Next, 
is “digital” simply a modifier in the expression “digital library”? How do 
digital objects, and activities associated with them, open up our current 
meanings of “library” within educational contexts? How might the tech- 
nology and its use potentially shape the school library such that it re- 
sembles other familiar and unfamiliar locations? 
We begin with the assumption that thinking about digital libraries in 
schools as technical translations of physical spaces will likely be as unpro- 
ductive as imagining them to be digital worlds entirely remade. In the 
final part of this section, we consider the possible meanings of digital 
libraries as hybrid physical/digital spaces. How do situated practices help 
us to understand these spaces as hybrids, and how do such hybrid spaces 
construct the work of students and educators? Are hybrid library spaces 
and uses primarily the result of a transitional period as we wait for more 
resources and technology? 
School Library as Physical Space 
Pedagogical purposes for information are various and extend well 
beyond the retention or “mining” of information. Similarly, a very wide 
spectrum of purposes exist for the use of libraries as physical spaces, many 
of them having little or nothing to do with information-seeking at all 
(Reich &Weiser, 1993). School libraries, in particular, stake out a bound- 
ary where a broad array of activities take place, some of which are at 
cross-purposes with one another and/or at odds with the goals of the 
librarian. Here, for instance, is a hodgepodge of uses one can imagine: 
group work space 
chat room 
clearinghouse for school and community information 
rhetorical symbol of the academic strength of the school 
place to leave kids for teacher break 
parent volunteer center 
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place to check e-mail 
recreation center-games such as jigsaw puzzles and chess 
sleeping and zoning-out space 
staff meeting space 
centralized location for technical equipment 
Even from such a brief reflection, an observation we can make is that 
the physical library space has a central social importance for the school. 
It reflects, at different moments, what educators, librarians, and students 
alike construct the school to be. The library is a social hub not because it 
contains books, films, and newspapers, but because it is, in many cases, 
the only “public domain” space within the school building besides the 
hallways: Classroom space is territorially staked off and contains struc- 
tured activities; cafeterias are often closed most of the school day; and 
gymnasiums, when they are not classrooms, self-select their basketball 
and volleyball players. Student lounges are infrequently a part of school 
buildings, and even teachers use the library as a lounge or as an available 
space to escape the teachers’ lounge. In sum, if the school were a home, 
the library would be the kitchen. The tools of the kitchen lead one to 
believe that its function is food preparation and consumption, but with- 
out a kitchen, many homes would lose their social center. 
That the library is thoroughly woven into the social, rhetorical, and 
activity fabrics of the school is not a surprising revelation but becomes 
significant as we consider how such a relationship contrasts with the dis- 
cussions and developments of digital libraries for specialized workplace 
settings. In many such settings, such as scientific laboratories and offices, 
the “library” as a physical space may have little previous history and mean- 
ing. Such specialized libraries may be fully integrated into other work 
spaces, existing as shelves of books and journals within an office or, alter- 
natively, detached from the social life of the work space-a brick build- 
ing across campus that one visits on occasion, alone and anonymously. 
When the social meanings and sense of attachment to place are rela- 
tively muted, translating such spaces and uses to entirely digital realms 
seems unproblematic. But, in school libraries, the shock of such transla- 
tion cannot be ignored. What extant purposes and goals of school librar- 
ies should be provided for within computerized forms? Should we seek 
for digital analogs to purposes such as “rhetorical symbol,” “place to leave 
kids,” and “zoning out space”? Some of these already are being shaped. 
Computer-based games, for instance, often fulfill and construct a recre-
ational meaning of libraries, and school Web pages may be gradually as-
suming some of the rhetorical import that libraries have carried. Some 
researchers have begun to consider the situational uses and needs of public 
libraries (e.g., Reich & Weiser, 1993): “We believe that the networked 
library should strive to provide the following functions for community 
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identity: distinctive ‘places,’geographicaIly local networked meeting 
rooms, and a physical community presence.” For school libraries, might 
important activities and functions of identity be best served through tech- 
nical progress or physical spatial arrangements? 
Another way to pose these questions is to wonder what difference it 
would make to simply distribute the school library, to de-centralize it and 
re-create it as a network of classroom computer stations. Kahle (1991) 
has proposed such a distribution of public libraries into “reading rooms” 
using the analogy of the transformation from centralized banking to ATM 
use. In schools, how would such a distribution not only change library 
use but the entire school community? 
School Library as Diptal Space 
While part of the evolution of resources from physical to digital forms 
may be best described in terms such as “translation” or “adaptation,” digi- 
tal environments also provide for resource forms to be present that are 
completely new (Nurnberg et al., 1995). The presence of such resources 
or objects within libraries effects a merging of libraries as institutional 
spaces with other institutions. For example, in Illinois there is currently 
a project underway which will link some 100 schools with statewide muse- 
ums. Using the World Wide Web, students will be able to view artistic, 
historical, and scientific displays within these museums from school class- 
rooms and libraries. In another case, through a collaborative effort of 
several departments at the University of Illinois, students in grades 2-12 
have become involved in Project Mayday/ChickScope (http:/ /  
vizlab.beckman.uiuc.edu/chickscope/). The project has permitted them 
to interactively access and manipulate a magnetic resonance imaging 
(MRI) microscope through the World Wide Web in order to observe the 
development of a chick embryo inside an egg. This manipulation has 
been accompanied by other WWW information-gathering work by the 
students, such as reading written information and viewing video clips of 
embryonic development (Bruce et al., in press). 
As the resources in both of these examples appear less and less like 
information and more like “objects,” their typified home locations re- 
mind us less of libraries. Museums in the first case, and scientific labora- 
tories in the second, appear to merge with library collections. We would 
not argue that observing a museum online, or practicing in a virtual labo- 
ratory, is identical to being in their corresponding physical versions. Quite 
the contrary, as these locations and practices also merge with informa- 
tion and communication technologies, they must be reassessed and un- 
derstood in new terms. Our point is to highlight the ways in which digital 
library use permits students to move beyond the confines of what we have 
come to understand as library borders, and to carry out activities that 
would be radically out of place within shelved rooms of books. Further, if 
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the hybridization of institutional spaces accompanies the evolution of 
resources, then we might expect this trend to continue or possibly accel- 
erate as new and immature types of data change more rapidly than do 
physical, more familiar forms (Nurnberg, 1995). 
Even more significant than the diverse objects digital technologies 
may import into schools are the processes permitted through them. For 
example, in ChickScope, students were able not only to observe the de- 
veloping embryos through specialized equipment, they could also share 
their questions with the scientists and other children through online dis- 
cussion groups. This mixture of information gathering with extended 
dialogue is perhaps one of the most exciting potentials of educational 
digital libraries. Through sharing interpretations, impressions, and lo- 
cal information, students are able to contribute to communities of in-
quiry that extend beyond their classrooms. What we may see in this case 
is a digitized extension of the “chat room” function of the physical li-
brary-students socializing with one another. We may also see, however, 
students not simply gathering information within libraries but challeng- 
ing, comparing, and contributing to this information, becoming not sim- 
ply information “surfers” but also “servers” (Levin, 1995). Such activity 
has great potential for motivating students, for engaging them and their 
ideas with broad and diverse audiences, and for helping them to under- 
stand the processes of knowledge construction and negotiation of mean- 
ing. 
Student work, including stories, reports, and artwork, is often a part 
of physical school libraries, yet seldom is such work archived along with 
the permanent collection, nor does it represent dialogues with the cre- 
ators of the collections’ “authorized” texts. In digital libraries, such au- 
thorization and dialogue is possible. Such responses are valuable as single 
verbal expressions but also for the ways in which these may encourage 
ongoing interpretations and understandings: “People can see someone 
else express doubts that perhaps they felt no one else shared or were 
unwilling to voice. Questions that have been asked and answered remain 
for later readers to understand, without anyone needing to go over the 
same ground again” (Brown & Duguid, 1996). 
Much has been written about electronic communities and whether 
they exist, what they are like, and how they differ from traditional under- 
standings of community (see Bruce & Rubin, 1993; Handa, 1990; Hawisher 
& Moran, 1993). While the availability of information and communica- 
tion technologies together may permit students to participate in such 
communities and their dialogues, it is perhaps too early to know what we 
might expect of these sociotechnical groupings. Brown and Duguid (1996) 
write of the significance of an “imagined community”-a community that 
exists on “too large a scale to be known in any other way.” Participation 
in such an imagined community through technology, or lack of it, may 
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shape students’ impressions of being inside or outside of what it means to 
be educated in our country. A fascinating function of technology and 
community building that Carroll discusses is the construction of a digital 
history within the Blacksburg Electronic Village, a community network 
with several components. The BEV HistoryBase contains “e-mail, old 
Web-pages, design documents, audio recordings of BEV pioneers, NBC 
Nightly News video clips, and so forth” (Carroll, 1995, p. 6; <http:// 
history.bev.net/bevhist/>) . The BEV HistoryBase development group has 
worked to shape the network such that normal functions of community 
information sharing and communication became automatically archived 
in the HistoryBase. The approach “reconceives the community network 
itself as a community working memory, one of whose functions is to con- 
solidate current activities into shared memories” (Carroll, 1995, p. 7). 
A school we have visited has also been working, on a smaller scale, to 
build a digital record of student multimedia projects that functions as a 
cultural history. The projects, including performances, papers, slides, 
music, and video, were developed for the Chicago Metro History Fair 
and National History Day competitions. Although there was a long-stand- 
ing tradition in the school of participating in these events, there had pre- 
viously been little record of past projects other than scattered materials, 
difficult to organize and even more difficult to review. Recently, librar- 
ians have begun to archive the projects on an interactive CD-ROM elec- 
tronic index using Macromedia Director and other software. This cre- 
ation of a “community working memory” of projects, a digital library of 
student creations, benefits students searching for past models, and the 
publication has also prompted more students to become engaged in the 
history fair and competition. 
School Library as Hybrid Space 
Recently, major efforts have been devoted to developing digital spaces 
that duplicate, manipulate, or imaginatively depart from physical spaces 
and permit users to move through them, whether they be Egyptian pyra- 
mids or models of DNA (Dede et al., 1996; Foreman et al., 1996; Pimentel 
& Teixeira, 1993; Psotka, 1994; Roussos et al., 1996). Even virtual class- 
rooms are being developed, such as NetLearningPlace, a project under- 
way at the National Center for Supercomputing Applications (NCSA) . 
The manner in which virtual reality is often discussed is through what we 
might call a rhetoric of technological replacement-i.e., the electric light 
replaces the oil lamp, the automobile replaces the horse, the virtual class- 
room replaces the physical classroom. Such rhetoric distorts the many 
ways in which newer technologies embed former technologies and social 
practices within them as well as the ways in which older and newer tech- 
nologies and practices continue to coexist alongside one another and 
shape one another. The QWERTY keyboard, developed to slow the speed 
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of typists and thus keep the early mechanical typewriters from jamming, 
is an oft-cited example of such co-existence (Miertsch, 1991). As we type 
this article on portable PowerBooks and e-mail drafts to one another, the 
QWERTY keyboard still inhabits our machines and practices. In this sec- 
tion we will discuss some of the ways in which digital libraries in schools 
may be considered as hybrid spaces, with hybrid practices, roles, and com- 
munities enacted within them. While it is productive to consider the 
particular physical realities and technical possibilities of digital libraries, 
we will begin to suggest here some of the problems and issues that emerge 
as the digital and physical merge, blend, and reshape one another. 
Revisiting the class that we portrayed in our introduction provides a 
telling example. Later in the class period, one girl, Caroline, used the 
Internet at a computer station, initiating her search by entering the word 
“snake.” One of the sources listed was the Massachusetts Guide to Snakes, 
which she selected, and by quickly moving within this online guide, soon 
found herself pondering images and attempting to answer questions to 
help her identify a snake: “Is our snake cross-banded or blotched? Is the 
head small and oval? With I-ouiid pupils, no pits?” Caroline began to 
pose these questions to the teacher, who decided to retrieve the snake 
from the classroom upstairs. After the teacher left, one of the authors 
(Kevin) asked Caroline if she was trying to identify the snake. She re- 
sponded, “Iknow what it is-I’m just trying to see if they have it in here.” 
Only minutes later, when the teacher returned with the three foot corn 
snake draped in her arms, Caroline had moved out of the Massachusptts 
Guidp to Snakes and onto another online resource. 
This brief account indicates some of the many ways in which infor- 
mation work in schools implicates the hybrids of digital and non-digital 
spaces, practices, and roles. Caroline approaches the computer in order 
to seek out information about an actual corn snake in her science class- 
room upstairs. Soon, the computer takes the information-seeking role, 
asking Caroline questions and showing her pictures of snakes produced 
several states away. Caroline reports that her interest in the resource at 
this point is no longer to get information, but simply to verify if her local 
knowledge of a snake is recorded in a more distant resource. There is a 
sense in which Caroline’s activity at this point is like finding one’s own 
picture in a yearbook-it is an identification not of unknown informa- 
tion about the snake but of its belonging with other snakes. Have the 
distant authorities on snakes included what is important to her and the 
class locally? When Caroline asks for help, she asks the teacher, who 
serves as a kind of librarian, but must move out of the library to get the 
information needed embodied in the actual corn snake. After the teacher 
runs up and down the stairs and imports the real snake into the physical 
library space, Caroline has moved off into another part of digital space, 
where examining the physical snake has no particular purpose. 
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The movement of library use from Caroline, to the computer, to 
virtual snakes, to the teacher, to the classroom, to real snakes, and back to 
other digital snake information is suggestive of the complexity of the 
merging of physical and digital spaces in school libraries. Moreover, while 
the first part of this movement curve appears to be a productive border- 
crossing motivated by an inquiry that Caroline has taken up from the 
digital text, the second part of the curve suggests the kinds of problems 
that might emerge from such transfer. Caroline is able to skip much 
more quickly through digital space than the teacher is able to dash physi- 
cally and retrieve the snake, such that in the end the two environments, 
practices, and individuals are out of synch with one another. 
This account also points to some of the ways in which movements 
between physical and digital spaces shape the roles of librarians, teach- 
ers, and students. For example, whose questions are at work within the 
scenario? Is Caroline engaging in inquiry, is the computer, or are both at 
work together? In many ways, the teacher works here as a librarian, help- 
ing the students find information and work with the technology. But do 
librarians fetch snakes from classrooms? Finally, we might speculate on 
what may have assumed an authoritative source for Caroline should the 
interaction have continued: the distant virtual snake guide, produced by 
another community, or the local community and its understandings of 
the corn snake? 
One possible response to this discussion of hybrid practices, spaces, 
and communities is to claim that these effects are simply a temporary 
artifact of an evolution, an in-between state, a fish with stubby legs. Such 
a response participates in a rhetoric of replacement: As soon as technol- 
ogy has advanced far enough and is widely accessible enough, digital li-
braries will have realized their full meaning and use. Another response 
is to raise questions about what it is that both the digital and the physical 
represent to us, and what it is that we value in both. On a simple techno- 
logical scale, some have pointed to the notion that, while digital environ- 
ments are better for browsing, physical mediums lend themselves more 
to reading. On a more theoretical level, Brown and Duguid (1996) have 
posited that, while we value the transience and speed offered by informa- 
tion and communication technologies, we also value the delay and fixity 
offered by traditional forms. Further, new technologies are developed 
and used in ways that purposely permit both ways of working-hybrids 
between past practices and current possibilities: 
While everyone can benefit from technology capable of overcoming 
separations of space and time and the convergence of producer and 
consumer, it seems people are beginning to appreciate how impor- 
tant these distinctions can be. New technologies help us to tran- 
scend burdensome barriers of space and time. But, in part through 
the improvisations of users, the same technologies are also valued 
for their ability to reinject both space and time into communica- 
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tion. (Brown & Duguid, 1996) 
In education, when and how do we value rapid and exploratory move- 
ment, instant communication, expanded community identity, and dia- 
logic texts? When and how do we value deliberate and pensive move- 
ment, delayed communication, local attachment to community, and stable 
authorized texts? Ultimately, further observations and analyses of hybrid 
products and uses of technology can lead us beyond thinking of technol-
ogy as a grand march toward progress and toward reflections of how such 
mixed products and uses embed values that are at once significant and 
conflicting-i.e., our ideological dilemmas (Billig et al., 1988). Such re- 
flections will help us understand not only how we might change libraries, 
but how it is that our historical and present visions enter into dialogue 
with one another (Gadamer, 1994). 
CURRENT AND FUTURECONTRASTS CHALLENGES 
In this discussion of digital libraries, we have hoped to move current 
debates concerning technical capabilities, design, and even “usability” 
toward a consideration of the practices, contexts, and values of those who 
work and learn in our schools. We have not attempted to represent a 
coherent or complete picture of educational activities and contexts; rather, 
we believe it is most significant to realize their extreme variety. Further, 
it seems critical to realize that educators and students will engage in ac- 
tivities and hold beliefs of a dilemmatic nature (Billig et al., 1988), and 
that any technological development in the schools will enter into dia- 
logue with such tensions. 
In discussing physical and digital “spaces” that students and educa- 
tors move within and between, we have argued that a replacement rheto- 
ric-exchanging the physical for the digital-is too simplistic a treatment 
of the development of digital libraries. Both physical and digital terrains 
present problems and offer distinct advantages for searching and resource 
work; moreover, our practices within both contexts may reflect and re- 
construct significantly embedded contrasting ways of choosing to experi- 
ence the world, such as through delay and fixity on the one hand and 
transience and speed on the other (Brown & Duguid, 1996). Perhaps 
more important are the many ways in which these spaces and associated 
practices become hybrid forms. We have posited that such hybridization 
is especially acute within schools, where students and educators have di- 
verse intentions, have limited access to technological resources, and par- 
ticipate in a culture deeply embedded in physical space. We hope, fur- 
ther, that the notion of the hybrid is productive not only as a descriptor 
of physical/digital contexts but also as a metaphor of how we might con- 
sider the purposes and practices of schooling as they dialogue with vari- 
ous technological forms, often developed in distant contexts and inhab- 
ited with sharply contrasting histories and ideologies. 
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Most of the research and development of digital libraries has been 
applied to workplace settings and to specialized technical communities. 
Several striking images emerge through the juxtaposition of workplace 
settings with schools: While workplace users are more concerned with 
the exact contents of a digital collection, educators are more invested in 
its diverse uses; while workplace users share common discourses and goals, 
those of students and teachers are widely heterogeneous; and while physi- 
cal library space is more at the periphery of workplace settings, it often 
assumes a central social role within schools. These and other contrasts 
Table 1. Contrasts of Workplace Settings and Schools 
Activity in 

Context 
Information 
Searching 
Information 
Use 
Contexts of 
Activity 
Physical 
Digital 
Hybrid 
WorkplaceSettings 
comprehensive collection 
favored for specialized 
user--shared discourses, 
background knowledge, 
access rights, and values help 
guide search processes 
goals of information use 
often centralized within 
organization--resources 
served focused and typically 
stable goals, such as the 
production of knowledge, 
products, and services 
library may or may not exist 
as physical space within 
setting; margnal social 
significance 
new types of resources 
available, including virtual 
"objects" and interactive 
media--extension of local 
professional community 
merging of physical and 
digital spaces likely, 
depending upon work 
practices 
Schools 
nature of "complete" 
collection is 
indeterminate--highly 
heterogenous users with little 
common background; 
searching processes are one 
pedagogical goal 
goals of resource use in 
constant negotiation among 
educators, students, 
assignments, available 
technologies, etc.--widely 
variable goals, including 
technologcal experience, 
inquiry, interpretation, and 
authorship 
community identity 
co-constructed with physical 
space; high social 
significance 
new types of resources 
available, including virtual 
"objects" and interactive 
media--participation in 
various communities made 
possible 
frequent merging of digital 
and physical spaces due to 
shifting goals, available 
resources, and flexible 
participant roles 
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are represented in more detail in Table 1. 
Our hope is that the contrasts represented in Table 1will help raise 
an awareness of the need for continued research and resource allocation 
for the development of digital libraries for education. In such develop- 
ment, educators must form and follow their own agendas, while at the 
same time recognizing that their work is constructed from a history with 
contexts and goals sharply different from their own. Raymond Williams 
(1974), in his insightful analysis of the development of the forms and 
institutions of television, contrasts a theory of technological determinism 
with the meanings of the cultural forms that a technical device assumes. 
Williams argues that television has clearly not adopted the forms it has 
taken today by technical necessity, but through the struggle of more or 
less powerful historical, social, and institutional pressures: 
Original intention corresponds with the known or desired practices 
of a particular social group, and the pace and scale of development 
will be radically affected by that group’s specific intentions and its 
relative strengths. Yet at many subsequent stages other social groups, 
sometimes with other intentions or at least with different scales of 
priority, will adopt and develop the technology, often with different 
purposes and effects. Further, there will be in many cases unfore- 
seen uses and unforeseen effects which are again a real qualification 
of the original intention. (p. 129) 
While Williams posits that the cultural forms of technology evolve through 
“continually renewable social action and struggle,” he argues that “insti- 
tutions and social policies which get established early on-often ad hoc 
and piecemeal in a confused and seemingly marginal area-have extraor-
dinary persistence into later periods” (p. 147). Such may well be the case 
in the development of digital libraries. The contemporary institutional 
and cultural shaping of their meanings at this early stage will likely have 
significant and lasting effects on their development in years to come. 
Ultimately, the issues that have been raised invoke our greater social in- 
vestments and raise significant questions: how educators will be involved 
in this critical time of development, whether their involvements will be 
socially and institutionally supported, and how such work will be commu- 
nicated to the more established and supported corporate traditions. 
Finally, this discussion would be harmfully misleading if we were to 
construct the notion that “schools” exist as a homogeneous group. We 
would not want to portray the school context of our introduction, for 
example, as typical, or conversely, as some sort of desirable model. While 
we argue that the purposes, practices, and availability of resources within 
schools contrast in important ways with those of workplace settings, we 
recognize at the same time that there are significant disparities of access 
to technical resources among different schools-which are beyond the 
scope of this article to discuss-but are crucial for a more complete vi- 
sion of possible futures. Further, readily visible and invisible equity is-
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sues are also embedded within individual school contexts. Note, for in- 
stance, the obviously male-gendered orientations and assertiveness toward 
the computers in our opening portrait which the teacher attempts to me- 
diate. Less visibly, some of the students in the school library may have 
continual access to digital libraries in their homes through personal com- 
puter systems and modems, while others may be experiencing them first- 
hand among their classmates, or in facing this equity gap, choosing not 
to. Clearly, as research and critical analyses of technological equity in 
education move forward (Bromley & Apple, in press; Commeyras et al., 
1996), such work must inform situated evaluation, where not only how 
technology is used, but who is able to use it, articulates its meanings and 
social value. 
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ABSTRACT 
INTHIS ARTICLE, WE EXPLORE INFLUENCES of electronic information systems on 
teaching methods. Data are analyzed from the information literacy por- 
tion of an introductory computer science course. This curriculum was 
taught by the first author, whose pedagogical goal was to teach students 
to search for and evaluate information using a variety of systems. Her 
teaching methods were informed by three complementary theories: 
Kuhlthau’s (1993a) process model, cognitive flexibility theory, and situ- 
ated cognition. She also employed Schon’s (1983) reflective practitioner 
model, which stipulates that teachers evaluate their pedagogical methods 
as a course is in session. Although this work is far from being completed, 
we have confirmed that teachers must be able to reflect on specific inci- 
dents and adjust their teaching methods according to individual situa- 
tions rather than strictly follow prescribed models. Even though the new 
information systems encourage interaction and offer user-friendly inter- 
faces, the ability to search effectively across systems and critically evaluate 
retrieved information still needs to be taught. In other words, the digital 
library environment demands instructional intervention which is flex-
ible and responsive to the situation. Thus we perceive digital libraries as 
systems comprised of the user, digitized information and software tools, 
and human mediators. 
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INTRODUCTION 
Finding information in libraries has never been particularly easy for 
young people, even in a library world dominated by print. Can we ex- 
pect the process to be any easier in an electronic library world? Familiar 
models have been supplanted by new ones which represent entirely new 
paradigms. Information systems now have interactive potential-they are 
dynamic entities disengaged from earlier limiting parameters. How do 
we teach students to recognize the cues necessary for survival in digital 
library environments? Mrhat do they need to understand in order to ne- 
gotiate these spaces with purpose and skill? 
Our discussion is based on an examination of the first author’s expe- 
riences teaching the information literacy portion of a required second- 
ary level introductory computer science course. The purpose was to teach 
students to be effective seekers and users of information in an electronic 
environment and to understand the relationship of these skills to search- 
ing for information in other contexts. Jacobson also introduced online 
communication netiquette and broader Internet-related ethical topics 
such as privacy and censorship. 
Jacobson’s goal was to teach search processes (the traditional focus of 
much bibliographic instruction and library and information science re- 
search) and to focus on eualuation of information beyond basic determi- 
nation of relevance. As other researchers have emphasized (e.g., Jacobson 
& Martin, 1993),the librarian’s job is to teach students to critically evalu- 
ate and know what to do with information as well as to find it. Through- 
out their coursework, Jacobson’s students were asked to pass ,judgment 
on the quality of various information items using a rather specific, yet 
flexible, set of teacher-suggested criteria that would be tailored to their 
evolving needs. 
Jacobson employed teaching methods that she hoped would “scaf- 
fold” (i.e., support and structure student learning), prompt, and enable 
students to self-regulate in an unpredictable environment. Simultaneously, 
she followed the reflective practitioner tradition described by Schon 
(1983) to scrutinize her own teaching. Schon stated that practitioners 
have a tacit knowledge of their field and often reflect on their own expe- 
riences “to cope with the unique, uncertain, and conflicted situations of 
practice” (Schiin, 1983, p. ix). This approach has been consciously 
adapted as a technique to improve practice, particularly in the field of 
education (see, for example, Nelson & Smith, 1995). Jacobson engaged 
her students in classroom activities that would be revealing of their thought 
processes, and therefore would be more informative of the efficacy of 
her teaching. 
Although two semesters were spent gathering and analyzing data, 
this project is far from being complete. This article is therefore explor- 
atory and does not represent a comprehensive description of what occurs 
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in a digital library environment. However, our preliminary research has 
shown us that traditional teaching methods must be flexible, not only 
because of individual differences among students, but because the elec- 
tronic environment changes the structure, practices, and culture of infor- 
mation seeking. Further observations and interviews need to be con- 
ducted to more fully understand how digital library environments affect 
the cognitive processes of both students and teachers as well as the class- 
room culture. 
THEORIES THE TEACHINGWHICH INFORMED METHODS 
Jacobson’s teaching and these subsequent analyses were heavily in- 
fluenced by three areas of research: Kuhlthau’s process model, cognitive 
flexibility theory, and situated cognition or situated learning. All three 
theoretical frameworks share a constructivist outlook on learning; they 
agree that it is possible to view an event from many perspectives, that 
meaning and experience are inextricably linked, and that learners “con- 
struct” rather than “receive” knowledge. 
Kuhlthau (1988) proposed a model for information searching which 
contains six stages: task initiation, topic selection, prefocus exploration, 
focus formulation, information collection, and search closure. Each of 
these stages is characterized by particular sets of feelings, thoughts, and 
actions. In subsequent research, she and her colleagues elaborated on 
this theme, addressing the cognitive and affective symptoms students com- 
monly experience in each stage (Kuhlthau et al., 1990). A central thesis 
of this body of research is that information searching is a process-a con-
tinuum of overlapping events, not a discrete set of isolated incremental 
steps. Early stages of the process are typified by feelings of confusion, 
uncertainty, and anxiety, which students assume afflicts them individually 
and not their fellow students. Kuhlthau (1988) proposed that these frus- 
trations are alleviated when students are taught to expect these feelings 
and “to tolerate inconsistent and incompatible ideas” (p. 240). This re- 
siliency releases them from a paralysis that prevents progress. 
Kuhlthau (1993a) described the dichotomy between the highly or- 
dered universe of librarianship with its systems for collecting and orga- 
nizing information and the highly irregular universe of student informa- 
tion needs. For example, a high school history student who is assigned to 
select a modern political situation that compares to one from the Middle 
Ages will not find a ready made subject heading for such a topic in a 
library catalog. Kuhlthau argued for the recognition of a “principle of 
uncertainty” for library services which acknowledges this dichotomy as 
well as the feelings of frustration and anxiety that so many library users 
experience (Kuhlthau, 1993b). She suggested zones of intervention that 
correspond with stages in the information search process and offered a 
series of specific intervention strategies to use in an information search 
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process upprouch to instruction (Kuhlthau, 1994, 1996, this issue of Library 
Trends). These strategies include: 
1. 	ColluborutineThe librarian or peer acts as a collaborator, which also 
situates the search process in a nonisolating context more typical of 
real world information seeking tasks. 
2. 	 Continuing-Intervention is a continuous process because informa- 
tion problems are not static. 
3. 	 Conversing-Conversation not only elicits more informed help from 
the librarian/counselor and feedback from peers but also helps stu- 
dents articulate and understand their information problem and, ulti- 
mately, to develop a metacognitive sense of where they are in a pro- 
cess. 
4. Chartinecharting is a system of using visual representations such as 
conceptual maps to manage and organize large or seemingly vague 
ideas, to recognize patterns and relationships, and to stimulate a co- 
hesive sense of direction. 
5. 	Composing-Kuhlthau (1994, p. 71; 1996, p. 102) uses the example of 
journal writing which, she says, promotes reflection, formulation, and 
the development of constructs. 
Another concept of learning is cogrzitiveflexibility theory (Spiro et al., 
1988) which examines advanced stage learning-i.e., the period between 
initial exposure and practiced expertise. The theorists argue that teach- 
ers tend to oversimplify and decontextualize complex instructional con- 
tent, precisely at the stage in which students need exposure to variability 
and nuance. Consequently, students are unable to transfer knowledge 
and apply it to new situations. Cognitive flexibility theory offers a num- 
ber of prescriptions to combat this phenomenon, including using mul- 
tiple knowledge representations (such as analogies, case examples, or 
lines of argument) ; explicitly linking abstract concepts to case examples; 
stressing the interrelated and web-like nature of knowledge (rather than 
compartmentalizing it) ;introducing complexity early in small, cognitively 
manageable units; and promoting knowledge assembly from various pre- 
viously learned knowledge components (rather than stressing the intact 
recall of previously memorized information). 
In testing this theoretical perspective, researchers have developed 
elaborate electronic hypertext environments which afford multiple ex- 
posures to a variety of rich cases with links to underlying themes. Learn- 
ers also have opportunities to add their own perspectives to the cases and 
links. The design of these environments is intended to “criss-cross” con- 
ceptual landscapes, enabling the perception of multiple paths and inter- 
relationships (see, for example, Nelson & Smith, 1994; Jacobson & Spiro, 
1995). 
Kuhlthau’s process model and cognitive flexibility theory share some 
common views concerning the nature of learning in ill-structured do- 
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mains such as information retrieval. They agree that the learning pro- 
cess is not linear-that it is complex and requires multiple exposures, 
pauses for reflection, and opportunities for reiteration with alternative 
strategies and views. Both perspectives advocate teaching students to an- 
ticipate and therefore to be prepared for inconsistency. A principal tenet 
of cognitive flexibility theory is that “ill-structured domains are best 
thought of as evincing multiple truths: Single perspectives are not false, 
they are inadequate” (Spiro et al., 1992, p. 122). There is an insistence 
that knowledge which will be used in many ways must be represented and 
taught in many ways. Finally, Kuhlthau’s perspective adds the dimension 
of the influence of affective factors-the impact of the learners’ feelings 
upon the ability to learn new knowledge. Her work also addresses the 
unique aspects of learning aprocess, which is a more apt description of the 
nature of searching for information, rather than learning a domain or 
distinct body of content knowledge. 
Situated cognition (Brown et al., 1989) is based on the premise that 
knowledge is situated within a social setting and is profoundly influenced 
by that context and its culture. Rather than “acquiring” knowledge as 
though it were an objective artifact, learners accrue knowledge through 
the enculturation of social cognitive structures. In a teaching situation, 
situated cognition often employs an apprenticeship model and generally 
involves collaborative activity. An instructor models a task by demon- 
strating the strategies that are used, then coaches or provides cognitive 
scaffolding in the form of structured support during multiple practice 
sessions, and finally fades back as students become more independent. 
Instructional design should support knowledge-rich “authentic” situations 
and provide opportunities for students to be involved in social interac- 
tions and conversations that help support the process of enculturation. 
Situated cognition assumes a number of outcomes. Collective prob- 
lem solving promotes synergistic insights that may not occur in individual 
problem solving. In groups, students display multiple roles, allowing them 
to articulate their knowledge, reflect constructively on their performance, 
and confront ineffective strategies and misconceptions. Finally, collabo- 
rative work is a hallmark of most real-world situations. 
Situated cognition adds a social-cultural dimension to cognitive flex- 
ibility theory and Kuhlthau’s process model. Each perspective also makes 
use of narrative as a form of transmitting or internalizing knowledge. 
Stories are key elements in the social construction of knowledge 
(McLellan, 1994). Kuhlthau’s use ofjournals and other composing tech- 
niques also draws on the use of narrative. She noted that: “The strategies 
of talking, writing, and thinking seemed to be as important to students as 
the actual sources they used” (Kuhlthau, 1988, p. 237). Finally, the use of 
cases and analogies in cognitive flexibility theory constitute another form 
of narrative. 
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In sum, elements from all three paradigms combine synergistically 
to illuminate aspects of the intellect, the affective domain, and the influ- 
ence of the outside world. The multiple theoretical viewpoints were used 
to inform Jacobson’s pedagogy as well as our analyses of student work 
(see also Gooclnow 8c Warton, 1992; Jacobson 8c Jacobson, 1993). We 
were also quite curious about the application of these perspectives to a 
digital library environment. 
DESCRIPTION AND DATAOF COURSE NALYSIS 
During the 1995-1996 year, the University Laboratory High School* 
experimented with a new format for its introductory computer science 
course. Intending to fashion a more general computer literacy curricu- 
lum, the course was taught by a team of four teachers from computer 
science, journalism, and the library to reflect a broad range of computer 
applications. The course was taught to approximately 130 students in- 
cluding all of the “subfreshmen” (a combination of seventh and eighth 
graders), all the freshmen, and a selection of upper class students. The 
focus was on the use of computers as tools for creativity, communications, 
and information organization. It included such topics as the use of stan-
dard software applications, a basic exposure to machine language pro- 
gramming, and desktop publishing. The year culminated in students 
preparing and presenting a major project on a theme of their choice. 
Students were expected to both learn from and teach each other. 
Many of the assignments involved group work and/or electronic com- 
munication. Most of the major projects were done in groups, and stu- 
dents were required to describe how tasks were divided, who developed 
expertise in which areas, and what outside resources they used. Students 
were encouraged to work on homework assignments together-reflect- 
ing the fact that real world workers collaborate and that it is not consid- 
ered cheating. As a new course and one which was taught by four differ- 
ent teachers, there were rough spots that certainly contributed to feel- 
ings of anxiety for some students but, in the long run, did not seem to 
have a significant impact on most student learning. 
Jacobson’s role in the course was to teach students to be effective 
seekers and users of information in an electronic environment and to 
cover netiquette and Internet ethics issues. Information skills were broadly 
defined to include the responsible gathering and sharing of information. 
Jacobson also made an effort to integrate content from students’ other 
courses into her assignments and lectures. She designed most of her 
* University Laboratory High School is a secondary level public laboratory high 
school for high ability students at the University of‘Illinois at Urbana-Cham- 
paign. 
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assignments for the subfreshmen to support their research for a long- 
term science class research project. These students were to follow a cut-
ting edge topic of their choosing throughout the school year. In the Fall, 
they wrote a background paper on the topic and subsequently were re- 
quired to keep up with the current literature and submit periodic biblio- 
graphic updates. They finished in the Spring with a final report summa- 
rizing changes in the field over the year. In her extensive work with stu- 
dents in their science class, Jacobson provided more traditional biblio- 
graphic instruction in the library setting with the science teacher always 
present. From time to time, however, the students were confused about 
which role she was playing-librarian, computer science teacher, or sci- 
ence teacher-and in which class they would get credit for activity done 
under her tutelage. She saw this confusion as an advantage because she 
was able to leverage the computer skills and the library skills as informa- 
tion and communication skills situated within a meaningful context. 
For this project, we examined Jacobson’s descriptions of the assign- 
ments in chronological sequence along with her written reflections in 
order to understand how the course developed over time. We also stud- 
ied all of the available completed assignments and Jacobson’s comments 
on student papers. The only assignments that were not analyzed were 
those which were not archived, such as the verbal exercises that were 
done in class, or those that had to be returned to students before they 
could be photocopied. The students’ identities were kept confidential. 
Although students did not keep journals, we had access to other forms of 
narrative records (e.g., e-mail correspondence, essays written for class, 
etc.). We analyzed the material using qualitative techniques, which al- 
lowed us to carefully scrutinize changes in teaching and to learn about 
concerns of a digital library environment. 
Appendix A is provided to give an overview of the sequence of 
Jacobson’s assignments, the pedagogical intent of each one, and the gen- 
eral way in which each reflects the influence of the theoretical perspec- 
tives described earlier. Rather than explicate the assignments individu- 
ally, we chose instead to focus a more detailed critical lens on a selection 
of five assignments which follow in the next section. The chart is in- 
tended to be referenced as the section is read, particularly in terms of 
linking application with the theoretical perspectives. 
TEACHINGREFLECTION 
Finding Subject Terns i n  Book Catalogs 
Description. The purpose of this assignment was to have students practice 
identifymg and testing subject terms in library catalogs. It was also in- 
tended to give them a reason to use e-mail, to start them on a path of 
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articulating and reflecting on search strategy, and to foster collaboration 
and peer feedback in the information search process. The assignment 
coincidedwith procedural instruction in the use of e-mail which was taught 
by other members of the computer literacy teaching team. Jacobson’s 
class presentation consisted of netiquette instruction and a quick over- 
view of the assignment using a printed copy distributed in class (see Ap- 
pendix B). The class session version of the assignment was an applica- 
tion of modeling. The example answers were intended to convey that a 
wide variety of responses was acceptable. For example, “I got nothing” 
was a legitimate response because, in library research, nothing is often 
what one finds. The example also modeled a strategy of culling a biblio- 
graphic record for clues that can strengthen a search. Students were 
required to make two search attempts to instill the idea of process and to 
emphasize the use of multiple tactics. The actual assignment was e-mailed 
to students who were divided into small working groups (in the case of 
the subfreshmen, organized by shared cutting edge topic areas). Stu-
dents were to send their responses to the members of their group with a 
copy to Jacobson. After a specified period of time, they were to reply with 
feedback to each person in the group. 
Observations. Because this assignment was the first serious use of e-mail 
for most students, many of them were not yet very adept with the proto- 
col. A number of them had difficulty with the nuances of replying, send- 
ing a copy of a message, and sending a note to multiple recipients. They 
needed more experience with this well-structured domain to be able to 
take on the ill-structured one of searching for information. The feed- 
back piece of the assignment presented an additional obstacle. Many 
students simply forgot about sending feedback and, when they were re- 
minded, could not complete it because they had deleted the original 
messages from their peers. At this age (or any age!), students have a hard 
time keeping track of events that are to occur several steps into the fu- 
ture. This experience also reminded Jacobson that students were not 
accustomed to collaborating, especially through e-mail. However, she 
learned that e-mail use and collaborating with peers were different activi- 
ties that needed to be explicitly taught and scaffolded into the students’ 
culture as well. 
This instructional activity did help many students combat, as Kuhlthau 
notes (1994),the sense of being alone in their confusion. The following 
verbatim interchange is an interesting example (the numbers correspond 
to the questions asked in the assignment) : 
G.L.: 
1. My topic is imunity [sic] to antibiotics. I chose it because I have 
experienced it first hand and thought it was kinda cool, but agravating 
[sic]. 
2. I used, you guessed it, the Uni Library 
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3. I picked option one and searched for antibiotics and imunity 
[sic]. 
4. Nothing! 
5. I chose option two with the same words. 
6. Nothing! 
7. I also searched for several other things including medicine-way 
to [sic] many things but nothing, imunity [sic]-nothing, atibiotics 
[sic]-a book on fungus and lichens. 
9. Obviously this was not very useful1 [sic] in the aspect I got noth- 
ing, except now I know this is going to be a lot harder than I 
thought... . 
A response from P.T. (a student colleague): 
you spelled immunity wrong, mabye [sic] that’s why you didn’t find 
anything under that. And, I agree, this is going to be a lot harder 
than I thought. 
Empathy was a strong element in the subfreshmen dialogues, which 
were full of good luck exchanges and pleas for help. P.T. did identify a 
likely reason for G.L.’s failure to find information, but she also took care 
to respond to his feelings about the failure. The older students tended to 
be much more analytical, if not always correct, in their analyses. What 
follows is an example of the frustration of a freshman who was unsuccess- 
ful in his search for a book on the “Phoenecians and Sea Peoples” for a 
history paper: 
This search was useless. I think that it failed for two principal rea- 
sons... 
The Uni High book catalogue is a kind of stupid system. Many of 
the books on ancient Greece probably have references to the 
Phoenicians that would be useful, but the word Phoenician wouldn’t 
ring w/the system because the book is not primarily about 
Phoenicians and so it wouldn’t be listed as a major heading on the 
information card in the heading. It seems that to answer this prob- 
lem all I would have to do would be to search under ancient Greece. 
However, if I do this I’m very likely to get books that don’t have 
anything [on] Phoenicians as well as ones that do and I would have 
to go [on] a wild duck chase. 
Thus, the two reasons for the failure of this search are the nar- 
rowness of my topic and the inefficiency of the Uni High book cata- 
logue. I think the answer to my problem is to go to a bigger library. 
Not just because they’d have a better computer system, but also be- 
cause they’d have more books and I could use a narrow topic to get 
a good selection of books. 
When this student received no responses from his peers, Jacobson felt 
that it was incumbent upon her to take a turn in the conversation. His 
assessment that information could be found in more general books about 
ancient Greece was a correct one, as was his observation that Phoenicians 
would therefore not be listed “as a major heading on the information 
card.” However, this absence was not a weakness in the computer system 
but a characteristic of indexing practice which would hold true in any 
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size library. A search for information in a larger library probably would 
be more fruitful, due instead to the size of the collection rather than to 
the inadequacies of the computer system. She reassured him that his 
topic was not too narrow or otherwise inadequate. 
Cutting Edge E-mnil Assignment 
D~scrzption.The science teacher was very interested in giving the students 
a sense of the communication cycle in science. In her curriculum, most 
student work was shared with the group rather than being the traditional 
closed conversation between teacher and student. The cutting edge theme 
itself was an exercise in understanding the nature of scientific communi- 
cation and progress-i.e., how an idea takes hold, becomes developed 
and shared, changes in response to new influences, and so on. She also 
wanted students to understand that scientists often work in groups, that 
they pass on references to one another, and share work-in-progress. She 
had always supplied the students with a list of each other’s topics as a way 
of encouraging them to share relevant bibliographic findings and mimic 
this expert behavior. Though they worked individually, most students 
had selected topics within a rather narrow and predictable range of shared 
interests. 
Together the science teacher andJacobson formalized a way to model 
and encourage this type of cooperation. During a science class session, 
Jacobson assigned students to send two e-mail messages over the course 
of a school quarter (approximately eight weeks) to “colleagues” when- 
ever they found something to share. These instructions were distributed 
in class: 
Send a minimum of two e-mail messages to a colleague or colleagues 
with suggestions or experiences to share, such as: 
Terms that worked for you (send these only to others in your group) 
Good articles you found that might be of use to others 
Other resources you’ve found that might be of use to others 
Difficulties you are having that others might be able to help you 
with (be specific!) 
It will probably be most fruitful to  write to people in your cutting 
edge group, but do not hesitate to send helpful information to stu-
dents in other groups. A list of students and their topics is on the 
back side of this sheet. Colleagues must be in the subfreshman 
class ;-) 
IR.IPORK%NT:A copy of each message you send must also be sent t o  
Ms. Morris (pmorris) and Ms. Jacobson (jacobson). Heres an ex- 
ample of how to send a copy to more than one person when you are 
using Pine: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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To : csmith, jdoe, dwhite 
Cc : pmorris, jacobson 
Attchmnt: 
Subject : Great cutting edge article for our group 
-Message Text -
Hi! I just found a great article you guys might be interested in too. 
I found it by looking under “libraries, digital” after having no luck 
looking under “digital libraries” in maders Guide. Anyway, the ar- 
ticle is called “Evaluating Digital Libraries in the Context of Learn-
ing and Teaching” by F. F. Jacobson and E. Ignacio. Its on page 27 
in the October 1995 issue of Cutting Edge Librum‘eJ. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The language of the assignment was intended to assure the multiplicity 
of possible information sources-indexes, bibliographies, colleagues, 
etc.-and to reconfirm that there was no one single correct way to locate 
relevant information. And this particular activity acknowledged what is 
known about how practicing scientists actually conduct their own litera- 
ture reviews (Gamey 8c Griffith, 1980; Wolek 8c Griffith, 1980; Crane, 
19’72). 
Observations. For a number of reasons, our idealistic expectations were 
not quite fulfilled. With such a long lead time before the due date, many 
students forgot about the assignment. Their work was turned in at the 
last minute, hardly reflecting the spontaneity of scientists exchanging 
e-mail between distant labs. Similar to the first assignment, the students 
were not collaboration-minded, instead prioritizing their assignments by 
deadline. Accustomed to operating in a competitive and individualistic 
environment which ranked them linearly (i.e., grades, etc.) , the practice 
of collaboration seemed out of place. 
Also, with students in such close physical proximity to one another, 
sending e-mail often felt like a cumbersome unnecessary step to them. It 
probably would have been more appropriate to ask them to tape notes to 
each others’ lockers (their de facto labs), saving them the trouble of find- 
ing a free computer and the time to check their e-mail. However, there 
were a few exhilarating moments when a student would rush excitedly 
into the library to follow up on a colleague’s tip. The instructors at least 
felt that they were giving students a message they didn’t hear too often- 
that there are advantages to cooperating rather than competing in isola- 
tion. 
The content of students’ advice to each other consisted primarily of 
references to URLs and bibliographic citations for periodical articles. 
Visuals in Web sites were particularly valued. Students expressed some 
confusion about whether or not Internet resources would count in sci- 
ence class (they did) and, since Web searching had not been formally 
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introduced yet in the computer literacy class, there were some interest- 
ing descriptions of the process. Here is one student’s portrayal of 
hypertext: 
I was on Netscape and I found a very good page on Environmental 
issues. It is packed with info, but is kind ofthick, having no pictures 
(at least that I could see). It also has an internal citation thing where 
it has a number that you click on to see the bibliography .... 
I was on Netscape again, and I found an extremely useful page. It 
had some Facts, then it said that if you wanted more, you should 
click “here”. It would tell you the size of the text and pictures you 
would get if you clicked “here”. It had a lot of good pictures and 
information. 
Some students supplied dates and times of lectures on campus. A few 
alerted others against specific Web sites they felt were inappropriate in 
some way-too much advertising, too technical, too undeveloped, etc. 
Others asked for follow up information (e.g., “Remember the article that 
I hope it helped!”). Some people asked for general help on 
a topic from those who were doing similar work. This was a strategy that 
was suggested by Jacobson in cases where students were having particular 
trouble finding resources-and also as a model exhibited in the scientific 
community. 
The tone and content of the messages revealed interesting patterns 
and raised some questions. E-mail was treated as the equivalent of phone 
messages or informal letters-i.e., general conversation peppered with 
side annotations and personal identifiers similar to the patter on 
newsgroups (“Let the funk be wich ya!-P-Funk-”). Even under the 
guise of exchanging scientific information (that their teachers would also 
receive carbon copies of), students did not give much heed to grammar 
or spelling. One student stated that she found an article that may have 
“teeny tiny potential. Then again maybe not.” Certainly the real situa- 
tion for them was one in which they were talking with friends and not 
distant professional colleagues. Both the boys and the girls closed their 
messages with smiley faces or with slang signoffs like “cya” or “c-ya later,” 
using a tone more typical of the notes kids pass each other in high school. 
On the other hand, e-mail seems to lend itself to informal discourse, even 
in scholarly circles (Eisenberg, 1994). This leads to a different but inter- 
esting research question: How is communication between professional 
colleagues affected by e-mail? 
If a message was particularly laden with information, the tendency to 
evoke informality was even more noticeable. Perhaps students did not 
want their friends to think that they were taking the assignment too seri- 
ously and thus risk social disapproval. They may have found it personally 
inappropriate to talk to their friends in a stuffy manner in any medium. 
Or they may have had enough experience with e-mail by this time to 
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regard it as a space for fun and were trying to sustain that ambience. 
Along with maintaining the casual tone, the correspondents rarely 
provided much context to their messages. Only one student left the origi- 
nal message in a reply. Another student contributed context by stating 
that he found a lot of information on -, “which is your topic.” Many 
just wrote “thanx!” and left it at that. One of these writers had a signature 
file which contained the entire lyrics of a Leonard Cohen song, many 
times longer than her one-word message. The students seemed to treat 
e-mail as a delayed conversation rather than as formal letters being passed 
back and forth. The ease of deleting original messages probably added 
to this sense of informality. The lack of context may also have been due 
to their dismissing the exercise as a school assignment. One student asked: 
“Do I get credit even if [my e-mails] say the same thing?” Truly spontane- 
ous messages would not include copies to instructors, though knowing 
that their teachers would see the messages seemed to have no impact on 
care in spelling and grammar. 
Some students seemed to feel that e-mail was not necessarily a reli- 
able form of communication and preferred to deliver their information 
in person. Instead of posting a URL or a citation in an e-mail message, 
these students used the message to request a face-to-face meeting. One 
student, however, copied the articles he found on the Web directly into 
his e-mail message, so the recipient did not have to go anywhere. In 
contrast, three students in the same group all photocopied articles for 
each other and sent e-mail messages like this one: “I found an article in 
Scientific Amemcan Magazine on genetic engeneering [sic]. I don’t know if 
it will be helpful or not. I photocopied it for you, so remind me to give it 
to you.” One student wanted to make sure that the information he sent 
to another student was received and requested e-mail (rather than face- 
to-face) confirmation. Another student wrote “This is #2” either to make 
sure that the original message got there or to ensure that the recipient 
knew there were two messages. In sum, much of the dialogue reflected a 
hybrid style of communication which incorporated elements of paper- 
based and telephone media along with the less trusted electronic me- 
dium. 
Evaluating Web Sources 
Description. The purpose of this exercise was to promote a habit of infor- 
mation evaluation, specifically by using cues from the search process it- 
self. It coincided with students being introduced to HTML program- 
ming taught by the journalism member of the team. Jacobson first spent 
a class session moving through multiple examples-comparing and con- 
trasting search techniques in a traditional library catalog with search tech- 
niques on the World Wide Web. She used the Library of Congress Subject 
Headings as a way of introducing the concept of controlled vocabulary 
784 LIBRARY TRENDS/SPRING 1997 
and a regulated system of information retrieval. Students pondered the 
use of such terms as “Xenotransplantation” for species-to-species organ 
transplants and “cookery” for cookbooks. With souvenir cards from the 
old card catalog, they dissected the elements of a catalog record and used 
these clues to infer information about the potential usefulness of a book. 
Next Jacobson took students through a guided search of the Web. 
They discussed the entrepreneurial and independent nature of search 
engines (comparing the omnipresent advertising to a fantasy of ads pop- 
ping up for every tenth bibliographic record in a library catalog) and 
pondered how these characteristics might influence the outcome of a 
search. The elements of search engine summary records were also dis-
sected, again in terms ofwhat they could inform searchers about the po- 
tential usefulness of the sites. The students looked for cues that would 
help determine length, depth, and purpose in a similar fashion to the 
cues provided by bibliographic records. How could the students tell which 
short record would link to someone’s vita or personal home page? What 
elements could supply hints that would prevent unnecessary links to those 
ubiquitous under construction apologies? They laughed at the analqgy 
to finding a library book with nothing in it but an introductory para- 
graph. The fact that the students were creating their own home pages 
perhaps provided the best case example of all. The process for Web pub- 
lishing was abundantly transparent to them and dismantled most auto- 
matic assumptions of any Web site’s authority or magical attributes. 
The assignment, which was completed by e-mail, did not focus so 
much on searching as it did on site evaluation. Students were to identify 
a “good” site and a “bad” site on their topic and were also required to 
articulate the reasons for their selections (see Appendix C) . Jacobson 
realized that by requiring the students to find a “good” site and a “bad” 
site, she was predefining those as the two available categories. 
Observntions. As was typical of the other e-mailed assignments, students’ 
messages were characterized by a casual conversational tone. There were 
many spelling and punctuation errors and a tendency to use colloquial 
phrases: “This information was not useful, because it just piddled and 
didn’t state facts.” 
Students characterized “good” sites as having both valuable content 
as well as links to other useful Web sites. They repeatedly mentioned this 
winning combination of robust content and good links- “so much infor- 
mation and also tells you where to get more.” A few students noted higher 
level distinctions. For example, one boy reported that his good Web site 
provided useful links that hadn’t been retrieved on his Lyros search. In 
other words, he was appreciating the culling and selection efforts of the 
Web site creators and recognizing their expertise as it compared to the 
rote processes of a search engine. Yet another student noted that there 
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were several links in his site to FAQs (Frequently Asked Questions files), 
which he recognized as sources of authoritative and more comprehen- 
sive information. We were interested to see that some of the comments 
about usefulness were more akin to negative positives, damning with faint 
praise. A site was praised for simply not being an advertisement, causing 
us to wonder if student expectations of net sources are lower. There were 
many comments like this: “It was useful because it was specific and not 
about something totally off the subject I needed. It was about my topic.” 
The “bad” sites were categorized as being off the topic or peripheral 
to the topic. The numerous near-off topic sites included many personal 
home pages, among them institutional home pages that were never meant 
to be sources of topical content for public use. In some cases, a site was 
relevant but was rejected for another reason-i.e., it was too technical, 
written in a language the student did not speak or, as so often happens, it 
was incomplete in some way. Just as sites were characterized as being 
useful if they had links, they were characterized as being not useful if they 
did not have links. Students were also quite critical of unsubstantiated 
opinion: “It didn’t really have useful information-just some sarcastic 
stuff that I really didn’t need.” There were rare comments like this one: 
“The un-useful document happened to be the page with the highest [rel- 
evancy] score.” Very few students articulated this relationship between 
search engine relevancy rankings and their own assessment of a sites’ 
value. The biggest crime from the students’ point of view, however, was 
the plethora of advertising. Students saw the ads as a kind of net pollu- 
tion, at least in terms of their own needs. 
Though we mentioned that in some ways students seem to have lower 
expectations of net sources, we also noticed that they were critical of fea- 
tures that are standard in many types of print sources. Bibliographies, 
directories of U.S. postal mailing addresses (for example, of sports teams), 
references to secondary information that were not direct links to actual 
sources (i.e., an e-mail form that would reach the sports team itself), were 
regarded as useless. It seemed that once students were in the Web envi- 
ronment, they expected it to be consistent and to provide the same kind 
of connectivity across the board. As one student phrased it: “I was look- 
ing for info straight off the netscape.” 
Encyclopedia Guide 
Description. The purpose of this assignment was to have students get in- 
volved in a more rigorous evaluative exercise and to begin differentiat- 
ing between form and content issues. The guide format put them in the 
teacher role, requiring them to articulate (in essence, by developing their 
own cases promoting cognitive flexibility) in a way that is needed when 
communicating to a novice audience. This kind of conversing also al- 
lowed them to describe the search process as they discovered it; their 
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composition crystallized their experiences (Kuhlthau, 1996, p. 102). 
Jacobson experimented with two versions of this assignment, one for 
the subfreshmen (see Appendix D) and one for the older students (see 
Appendix E). The latter version asked students to consider a specific set 
of criteria in their explanations which provided cognitive scaffolding for 
their thinking. Concerned that this laundry list might overwhelm the 
younger students, Jacobson designed a more open-ended assignment for 
the subfreshmen. The tradeoff of the looser format was that it did not 
scaffold student thinking and so was less of a teaching tool in and of itself 
-at least in terms of teaching the specific criteria Jacobson wanted the 
students to learn. Also, this version did not specify explicit outcomes, 
which provide the structured context younger students tend to need. 
However, the subfreshmen’s work did provide an opportunity for us to 
see how they viewed their experience and which elements of the process 
they would find important enough to describe. 
Observations. The subfreshmen tended to describe every single step needed 
to find information. It appears that this is how they interpreted the in- 
struction to “teach them how to use these encyclopedias.” 
Pretend your topic is the ozone layer and ozone 

-first double click on the Encarta icon. 

-as soon as it loads up click once on the Contents button 

-type ozone layer and press return. 

-in the article you may find little cameras. If you click on these 

they will show you a picture. 

-or if you see a little video recorder in the article you can click on it 

to watch a movie. 

-if you want to see an article on ozone itself go to the top of the 

screen and click the menu button once. 

-In the menu double click on title screen. 

-select contents again but this time type ozone and press return. 

-In the article you may find little cameras. If you click on these 

they will show you a picture. 

-or if you see a little video recorder in the article you can click on it 

to watch a movie. 

Time saving, generally described in terms of ease of use, was an impor- 
tant criterion. Only one person felt that print encyclopedias were easier 
to use; the rest stated that CD-ROM titles were easier and therefore faster 
to use. In the electronic encyclopedia, you can zoom to related topics 
much faster without having to find something in a completely different 
volume of an encyclopedia. Students did draw a distinction when they 
judged a user interface to be particularly confusing. 
In general, most subfreshmen felt that the CD-ROMs had better in- 
formation. There was a commonly expressed sentiment that detailed 
fine-tuned information was to be found in print media but more general 
information was to be found in the electronic titles (“the highlighted text 
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is good stuff”). Jacobson was struck by students’ lack of attention to quali- 
tative differences between the titles. For example, very few observed that 
articles in the Academic American and Encarta were usually briefer than the 
articles in World Book. Visual information was also very important to the 
subfreshmen. Without visuals, an article was often dismissed as being 
boring and not very useful. Only if highly detailed information was needed 
was the lack of illustration acceptable. 
For both print and digital encyclopedias, authority seemed to be 
measured in terms of the amount of detail found in the articles. If the 
article covered only the basics, it was not considered to be as reliable as 
articles that had more in-depth information (with the exception of the 
unconventional format and high vocabulary level of Britannica, which 
confused a number of students). Many students included commentary 
about accessibility and comfort issues. They stated that the advantage of 
print encyclopedias was that they were more accessible and easier to read. 
By accessibility, they were generally referring to computer hardware- 
the necessity for it, the lines to get to it, and its periodic unreliability. 
Several complained about the difficulty of reading text on the screen. 
A number of students were quite confused by conceptual differences 
in search techniques. In general, they did not seem to differentiate be- 
tween searching by topic method or by key word method, unlike the older 
students who often stated that one must choose between these two op- 
tions. The subfreshmen either did not know there was a difference or 
did not think it was an important thing to mention. 
The structure of the assignment for the older students supplied them 
with a much more defined set of criteria to use. They were prompted to 
describe authority in terms of authorship. They also had to seek out two 
different strategies to use in looking for information. The subfreshmen 
were not supplied with this model, and many may not even have been 
entirely conscious of the possibility of multiple methods. 
The freshmen also related strategies step by step but were careful to 
write about the difference between searching by word or topic. This was 
probably due to the structure of the assignment; the freshmen were asked 
to explicitly describe two methods of looking for information (see Ap- 
pendix E) . They also stated that short articles were not as informative but 
differentiated this characteristic from authority. Pictures were nice and 
were expected of multimedia encyclopedias, but many students stated 
that pictures were not enough to satisfy an information need: “Microsoft 
Encarta has the best pictures out of all the electronic versions. The most 
useful encyclopedia for our topic was Encyclopedia Britannica [version not 
specified].” 
The freshmen were generally better at articulating encyclopedia char- 
acteristics and instructions for their use. They could describe hypertext 
words as being related to subjects and notjust “good stuff.” They did not 
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complain in the same way about having to read a great deal of text on the 
screen, suggesting instead that users could just print it out and take it 
with them. 
The narrative form of the assignment gave students an opportunity 
to share their own sense of discover); to be conversational, and to select 
elements they found to be especially pertinent. Tivo freshman girls 
working on the assignment together had this to say about the two ver- 
sions of Workl Book (their sample topic was onions) : 
M7e managed to find a nice long article in the World Book as well as 
(surprise! surprise!) a picture. Usually the CD ROM does not have 
many pictures. But what i t  does have, you can print out (as we have 
done; see last page). The article was really easy to read (but not so 
good fo r  taking notes. i.e., l o o k  iip at the screen, down at the notes, 
tip at the screen ...etc.) 
...Now this (I garuntee [sic]) ivill be interesting. At least we 
thought so. While continiiing our Encyclopedia Guide project and 
looking up onions in the regular IVorld Book (under “o”) we found 
that the picture \ve printed out was exactly the same (!) as the pic- 
ture in the hook. The book managed to outdo the CD ROM with a 
graph which the latter did not have. The print was smaller and we 
had to Xerox (costing us 10 cents) the picture for you. A definate 
[sic] minus for the book form. Yet, when the computer labs are full, 
the book form encyclopedias will he there, always glad to be in use. 
Web Sneak Preuicw~ 
De,wription. This in-class assignment pushed the evaluation theme fur- 
ther. Rather than searching, students were to compose Siskel/Ebert style 
reviews of two Web sites. Of the two sites, one was to be from a list of five 
serious (i.e., purposely informational) sites, one was to be from a list of 
five fun (i.e., recreational) sites. In pairs, they filled in the descriptive 
information-intended audience, authority (authorship), and a brief 
description of the site. Individually, they filled out review sheets, express- 
ing opinions on depth of coverage, ease of exploration, usefulness (for 
its purpose) and accuracy of information, quality of design, and unique- 
ness (listing characteristics that made the site more than just electronic 
page turning). Finally, they rated each site on a one-to-five-star scale and 
gave it a thumbs up or thumbs down designation. On the next class day, 
the final vote tallies were shared. 
Observations. All answers were acceptable as long as they were substanti- 
ated. Students were being evaluated on their ability to compose well- 
considered responses, not on the particular flavor of their final opinions. 
Jacobson intended this exercise to communicate that diverse opinions 
are simultaneously valid-that information is only as good as the degree 
to which it meets a particular need at a particular time. In other words, 
in concurrence with cognitive flexibility theory, there is no single answer; 
there are multiple perspectives on every situation. We were especially 
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interested in seeing how the students would do with describing useful- 
ness of a site in terms of the site’s expressed purpose. For example, the 
most popular “fun” site, Mr. Edible Starchy Tuber Head (http:// 
winnie.acsu.buffalo.edu/potatoe/),received generally high marks. The 
site was interactive (visitors could design their own Mr. Potato Head), it 
had unique information such as the history of the toy, and it provided 
links to other sources. But some students only found it irritating and 
could not concede that it met a certain stated function. Students some- 
times did and sometimes did not note the unique Web qualities of these 
sites-i.e., the interactivity of the game site, for example, or the ability to 
zero in on a map’s location on the “Virtual Tourist” site. They generally 
described these attributes but did not necessarily identify them as being 
unique to the electronic environment-almost as though they were too 
obvious to mention. We wondered if the students’ familiarity with com- 
puter games as a kind of electronic standard might have accounted for 
their blasi attitude. 
THEREFLECTIVEPRACTITIONER 
It is always difficult to create authentic situations in the classroom 
setting and to replicate a truly situated or apprenticeship environment. 
Although the assignments were designed to reflect real life situations, we 
found that the students were still very much aware of the teacher-student 
relationship (Schon, 1983), and thus were often more focused on the 
requirements of an assignment than they were on the situation Jacobson 
was trying to evoke. The natural tone of their e-mail exchanges notwith- 
standing, a grade on the assignment was uppermost on their minds. Try 
as educators might to situate schooling activities within meaningful con- 
texts, the most fundamentally authentic aspect of school life is the inevi- 
table evaluation process. 
We saw this tension surface most clearly in the cutting edge informa- 
tion exchange exercise, for which two different parameters were imposed 
on the students: collaboration and the use of e-mail. The students were 
placed in groups with others who had similar topics. But because very 
few of the topics were identical, the information-sharing exercise may 
have seemed artificial. As was noted earlier, the e-mail medium was not 
always the most natural one to use with students in close physical proxim- 
ity to each other (though there are many examples of enthusiasts who 
use e-mail to communicate with intimates ranging from office mates to 
spouses!). Clearly, though, we were trying to impose a mode of commu- 
nication that was not otherwise developing naturally for all students. 
Another assignment in which real-life situations were being imposed 
in the classroom setting was when students were introduced to online 
newsgroups as a form of information dissemination and exchange. The 
topic of computer ethics was introduced as a way to situate instruction in 
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Usenet protocol. Jacobson posted six computer ethics scenarios to the 
school library’s newsgroup (which had lain dormant until then) and as- 
signed the students to respond to at least one of the scenarios in the form 
of a follow-up message to the group. The following is an example of 
scenario narrative style: 
Lester sends e-mail to the entire student body inviting them to a 
BYOB party at his house while his parents are out of town. Lester 
receives a message from a system administrator calling him in for a 
meeting with school officials. He objects because he feels that his 
e-mail is his own private business. 
Students were again primarily concerned with completing the require- 
ments of the assignment. Therefore, they typically responded to the ini- 
tial scenario posting and did not follow up on their peers’ topical threads 
(for which they would have been given credit, though perhaps this dis- 
tinction was not apparent t o  them). As in the Web sneak previews assign- 
ment, they were not evaluated on the particular cast of their opinion, but 
on their ability to articulate a rationale based on what they had learned 
in class. However, the students were not using the newsgroup in the way 
newsgroups are designed to function-i.e., with give-and-take dialogue. 
Very few of them were aware of their peers’ opinions. However, at the 
same time, older students in the school and a number of alumni (from 
far-flung locations) spontaneously contributed their own opinions to the 
dialogue. Their interest was intrinsic, and they were not having to con- 
front the Netnews software environment for the first time. The online 
dialogue was followed up with an in-class discussion, which drew enthusi- 
astic real time engagement from virtually every student. 
Students’ developmental differences became key to understanding 
the need to customize instructional tactics. For example, if Jacobson 
wanted the subfreshmen to understand authority in terms of authorship 
on the encyclopedia guide assignment, they needed to be given more 
explicit instruction on the topic of authority. She had been concerned 
about mandating a lengthy laundry list of evaluative criteria. The assign- 
ment could instead have been subdivided into smaller segments, follow- 
ing a recommendation that cognitive flexibility theory makes to intro- 
duce complexity in cognitively manageable chunks. These segments could 
then culminate in a synthesized final product. 
REACTIONS TO A DIGITAL ENVIRONMENTIBRARY 
We hold a view of the digital library as having the potential to allow 
its users a participative role. For example, digitized information can be 
cut and pasted into personal word processing documents or e-mail mes- 
sages and otherwise directly manipulated. The digital library is not nec- 
essarily static; documents can be revised, responded to, and annotated 
(Burbules & Bruce, 1995). As a result, we were very interested in seeing 
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what would happen when given the opportunity to encourage more in- 
teraction between user and information. We accomplished this by re- 
quiring the use of e-mail, introducing newsgroups, and assigning other 
activities that promoted conversation around text and user. If this inter- 
action can be conceived of as being part of a digital library system, then 
the digital library is one which can be personalized as well. 
In the computer literacy course setting, students’ e-mail signature 
files were a very visible hallmark of personalization. Interesting and var- 
ied, we wondered if some students forgot that the files were always present, 
even in mail sent to their teachers. One student included quotes from 
her mother (“i’m a tough broad”), Kermit the Frog (“gosh gonzo, we’re 
so glad you’re not shrinking anymore”), a teacher (“you guys, stop being 
jerks”), and a friend (“yeah, I know that’d be like screwing your teddy 
bear!”). We wondered the same thing about the students who changed 
their logon names to monikers like “beef guru” and “I Am A Spitting 
Cobra.” 
If the Internet is to be regarded as a digital library, which is the per- 
spective we have taken, we learned that students generally regard it as 
being better than the traditional library. Comments like these on the 
Web-searching e-mail assignment were typical: 
This would be a worthwhile document for my purposes because it 
has information I might not have been able to find without research 
in many books which would be a long and tedious search. 
It tells you current topics and cutting edge information that you 
can’t find in libraries. 
However, students were not at all without criticism of the Internet: 
I found a horrible document through the Alta Vista search. It was 
supposed to be a transweb informational site that gave all the facts 
and the current legislation on organ procurement, but every time I 
clicked on one of the headlines, none of the information was there. 
It is stupid to have a site on the net, but have absolutely nothing on 
it. It was very frustrating to look on a web site with nothing there. It 
only makes me mad! 
In sum, we noted an interesting contradiction-a belief in the superior- 
ity of the Internet while, at the same, lowered expectations of its resources 
as compared to traditional library resources. Having created their own 
Web pages, the students were acutely aware of how easy it was for anyone 
to become an author. Even if they could not articulate the details of the 
reviewing processes that go into more conventional publishing formats, 
they understood the lack of a quality filtering mechanism. 
A few students noted that they could acquire unique collections or 
archives: “It is not really an info page, it is an archive which holds a lot of 
different games ....worthwhile because it contains hundreds of games that 
anybody can download.” “Lots of neat photos each individually submit- 
ted by people ....Pictures are unique imulates an art museum complete 
with a lobby and walls of art.” An interesting thread we observed was that 
of students’ seeming willingness (particularly the older ones) to express 
appreciation for a site even though they might not find it useful for their 
purposes. One student reported that she found an astrology site that 
“would have been useful for a paper because it was mainly information 
about the mathematics of astroloLgy.” Of her bad site she said: “Good site, 
but not for a paper. ...Obviously since it was a page for the daily horo- 
scope, it wasn’t a good type of information. I did like that site, however.” 
This was the kind of fine tuned discrimination Jacobson was looking for 
as an instructor, but it included an unexpected emotive expression. There 
was also evidence of an engagement that does not seem to occur as often 
with students in the print world-a delight in the whimsy of many Internet 
resources. Many students indicated that they found something they 
wanted, plus something fun or unexpectedly Fascinating, such as the stu- 
dent who was looking for information on clarinets. He found a page full 
of usefiil information, helpful links, and-bonus--a long string of musi- 
cian jokes which he promptly printed and shared. 
M’hile we are claiming to view the U’eb as a digital library, students 
also had exposure to a “real” digital library providing access to a large 
collection of full-text online resources. Students at Uni (not just those 
taking the computer literacy course) had an opportunity to use the Elec-
tric Library (see Weinberger in this issue of Library Trends) during a three- 
month trial period. Most students completed surveys from which we were 
able to glean some interesting insights. In terms of searching tactics, 
students almost always entered phrases that looked more like search terms 
or subject headings (ozone depletion, chaos theory, bird behavior, Per- 
sian Gulf veterans). It is not clear if this was from habit because they did 
not believe that sentences would work or because using phrases just struck 
them as a more efficient way to search. Afew did use sentence-like phrases 
(senseless gun violence, benefits of single-sex education, scurvy on sub- 
cellular level). 
There was a strong interest in being able to limit searches more pre- 
cisely than the system appeared to allow, particularly to be able to specify 
word order. Students were frustrated with the many irrelevant cites, espe- 
cially when the relevancy ranking of these was high and placed the cites 
toward the top of the list. It was clear that the students were able to articu- 
late their search needs and were frustrated when they could not because 
the system did not allow them an obvious way to do so. 
The students were overwhelmingly positive in their expressions of 
appreciation of the service. The chief benefit seemed to be convenience, 
that: “It can retrieve just what you want and you can have it without physi- 
cally running around looking for it.” The tone of the comments was 
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palpable relief, as though a great personal weight had been lifted. A 
great deal of the frustration and anxiety of library work is about the un- 
certainty of being able to actually put one’s hands on the sources. Fight- 
ing through the search process isjust the first step, a factor library profes- 
sionals do not always have uppermost in their thoughts. Students did not 
print as much as we thought they would and, in fact, seemed to be rather 
selective about it. It is possible that the comfort of knowing that the 
information was there relieved them from feeling pressed to print every- 
thing that was remotely relevant. On the other hand, their reticence to 
print indiscriminately cnuldjust have been due to the fact that the library’s 
printers are somewhat slow. 
CONCLUSION 
If students need structured opportunities to reflect on what they are 
learning, how will that be accomplished in a digital library environment? 
One lesson that has been confirmed for us is that librarians and teachers 
cannot follow a prescribed theoretical model in order to teach students 
to be effective searchers. Instructors must make adjustments as the term 
progresses and continually be attuned to the learner’s development. 
Teaching requires improvisation and flexibility (Schon, 1983). Strate-
gies also need to be differentiated and tailored to each student’s particu- 
lar needs. The students in this situation learned how to search and evalu- 
ate information in a classroom setting. Yet the help they received was 
also personalized through feedback on assignments, in-class coaching, 
and out-of-class conferencing. User-friendly digital library interfaces are 
not enough; skilled mediation and intervention will always be necessary. 
In their study of librarians as exemplar intelligent agents, Nardi and 
O’Day (1996) ask us to consider the concept of an information ecology: 
Our vision of a diverse information ecology is that of a richly pat- 
terned collaborative system of users, human agents and software 
agents....The notion of a “librarian in a box,” a reference we have 
heard in talks on digital libraries, is utterly wrongheaded to us. 
Rather than seeing human agents and software agents as in compe- 
tition, as vying for the same place in our world, the wiser course is to 
leverage the strengths of each, deliberately designing work practices 
and institutional arrangements that reflect and exploit the possibil- 
ity of collaboration between human and software agents. 
Our own observations have led us to view the digital library as a dy- 
namic systpm comprised not only of digitized information and software 
tools but also of users’ contributions to the system and their interactions 
with human professional mediators and peers. In very practical terms, all 
of these aspects are integral components of the system itself. We have 
come to the conclusion that our teaching must reflect this holistic view if 
it is to be successful. 
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APPENDIXB. FINDING TERMS EXAMPLESUBJECT IN BOOKCATALOGS: 
Part I: Due on October 6, 1995 
Send your response to  the s tudents  in the  “To” l ine with a copy to m e  a t  
Jacobson@uni.uiuc.edu. 
Look up your Cutting Edge research topic in the Uni High Book Collection online catalog. 
You can also try using the University Library Online Catalog, or one of the public librar- 
ies in Champaign, Urbana, or Danville. 
My topic is: 
Baboon-lo-human livm transplants. 
I used the (pick one: Uni High, University Library, Champaign Public, Urbana Free, Danville 
Public Library) catalog. 
Uni High Libmry 
This is what I tried to search on first: 
Firs1 Ipicked Srarrh Option 1 and typed “baboonliver transplants. ’’ 
These are the kinds of results I got (too many books? not much? the wrong stuff? etc.): 
Igot nothing 
I also tried looking under this/these term(s): (IMPORTANT Do this step even if you feel 
your first search already gave you enough information. Examine the subject headings, 
think about broader or narrower perspectives, etc.) : 
Next I trird looking underjust “transplant” by itsey 
These are the kinds of results I got (and if both your search attempts failed, speculate on 
why and what you might try next): 
Igot a bunch of stu@ From those book records Isaw that the main term is actually “Transplantation of 
organs, tissues, etc. ” I f 1  don’t remember that, my searches should still work if I jus t  stick 7ui1h 
“transplantation.” I olso got the idea of also seurching under “Medical ethics” and “Medical 
innouations.” 
This search was useful/not useful for the following reasons: (Note: make your judgment 
based on what the screen tells you. You do *not* need to find the books. Express an 
opinion and justify it.) : 
Asew of thr books especial4 useful, the others I’m not suw about. They swm to br more on broad topics 
likr new devrlopmrnts in  science instead ofjust being on transplunts. 
REMEMBER: You are being evaluated based on how well you demonstrate analytical and 
reflective thinking! 
Part 11: Due on October 11, 1995 
Give some feedback to each person in  your g roup  (with a copy to me: 
jacobson@uni.uiuc.edu). For example, suggest another term someone might use, men- 
tion a relevant TV show you saw, ask the person how the topic will be narrowed down, 
etc. 
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APPENDIX WEBSOURCESC. EVALSJATING 
E-mail your responses to: jacobson@uni.uiuc.edu 
Subfreshmen:Use your cutting edgr topic for this exercise 
Upper class students: Select a topic you could imagine doing research on for a class 
Describe your topic in a few words. 
1. Find a document on your topic that you think would be a good resource for the project. 
Which search engine did you use? (for example: InfoSeek, Open Text, Deja News, etc.)? 
What is the URI,? (Universal Resource Locator-the address) 
Describe some things about the document, such as: Who (orwhat organization) wrote it? 
What is the title? How long is it? Does it have unique or useful information? 
Why do you think this is a worthwhile document for your purposes? 
2. Find a document on your topicthat you think would NOT be a good resource for the 
project. 
Which search engine did you use (for example: InfoSrek, Open Text, Deja News, etc.)? 
What is the URL? (Universal Resource Locator-the address) 
Describe some things about the document, such as: Who (or what organization) wrote it? 
What is the title? How long is it? Does it have unique or useful information? 
Why do you think this is NOT a worthwhile document for your purposes? 
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APPENDIX GUIDED. ENCYCLOPEDIA ASSIGNMENT 
Subfreshmen 
BONUS: If you work with a partner from your group (see attached page for revised group 
listings), the two of you only need to turn in ONE assignment together. 
You are serving as a tutor for some students who have just moved here from a country that 
has very poor library resources. The new students have to use encyclopedias in both 
electronic and print formats for a class project. Yourjob is to write a brief, easy-to-read 
guide that will teach them how to use these encyclopedias and how to choose from 
among them. You have decided to use your cutting edge topic as a teaching example. 
You will compile this guide using all four of the following encyclopedias: 
1) 	World Book (book format), 2) World Book (CD-ROM format), 3 )  Microsojl Encarta (CD-
ROM), and 4) the Academic American Encyclopedia (book format). For two points extra 
credit, add Encyclopaedia Britannica in book format and in its Internet version (http:// 
www.eb.com). The book format of each encyclopedia is available in the library; you can 
get to the electronic format from the computers in the library or the IBM lab. 
Begin by describing your topic in a sentence or two. 
Explain what steps you took to look up your topic in each encyclopedia. Include any prob- 
lems you might have had and what kinds of results you got. 1 expect some good descrip- 
tion and reflection here. 
Which encyclopedia was the most useful for your topic? Explain why. 
Describe something you can do in an electronic encyclopedia that you can’t do (or it would 
be very hard to do) in a print encyclopedia. 
Describe something you can do in a print encyclopedia that you can’t do (or it would be 
very hard to do) in an electronic encyclopedia. 
Give the new students some advice about choosing an encyclopedia to use. Justify your 
opinions with examples. 
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APPFNUIX AW~AUENIE. Encuc IOPFDIA GUIDE 
You and your partner are serving as tutors for some students who have just moved here 
from a country that has very poor library 1-esources. The studcnts have to iise rncyclope- 
dias in both electronic and print formats for a class prqject. Your,job is to write a brief, 
easy-to-read guide that will teach them how to LISC these encyclopedias and how to choose 
from among them. You will use one topic (sec topic choices on next page) as a teaching 
example. 
You and yoiir partner will compile this guide using all four ot the following cncyclopedias: 
1) \Vorld Book (book format), 2)  World Rook (CD-ROM format), 3 )  hficrosoft I?‘ncurta ([XI-
ROM), and 4) the Academzc Amencctn EncyZupda (book format). For two points extra 
credit, add Encjclopaedia Bn‘tannim in book foi-mat aiid in it5 Internet version (http:// 
h.com), The book format of each encyclopedia is arailable in the library; you can 
get to the electronic format from the computers in tlie libraiy or the IBM lab. 
Begin by describing your topic in a sentence or two 
You can dcsign your own style for  the guide (feel free to be creative!). but it must include 
explanations of the following points for each encyclopedia: 
\.\‘hat are two methods yoii could use to find information on your topic? (Example of 
different methods to find topics are: topic. keyword, category search, etc., depending on 
the encyclopedia.) 
How easy is i t  to find what you want? 
Topic coverage (Are there a lot of articles you could use? Just a few? Are the articles long? 
Short? (And so on...) 
Authority of information (Are the articles signed by individual authors? Is there a way to 
know their credentials?) 
How “readable” is tlie information? (Is it rather technical? Is it easy to understand? h i d  
so on...) 
Does the encyclopedia make good use of illustrations, diagrania, charts, etc.? 
Which encyclopedia was the most useful for your topic? 
There are advantages and disadvantages to using each format-electronic or print. Con-
clude your guide with a response to the following: 
What would be a situation (using your topic) where you think it makes niore sense to use 
an electronic encyclopedia? What would he a situation (using your topic) where you 
think it makes niore sense to use a print encyclopedia? 
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Critical thinking. See also Information 

literacy; in digital libraries, 771-

803; as element of ‘3ust in time” 

learning, 629-630, 633 

Cross-disciplinary. See Interdisciplinary 

CSDGM. See Content Standards for 

Digital Geospatial Metadata 

(CSDGM) 

Cultural studies, 136 

Culture and technology, 768 

Culture globalization and knowledge 

organization, 347-349, 351-352 

Cushman, Jerome, 42 

Cutter, Charles Ami, 470 

CyberStacks search engine, 326 

Daddy’s Roommate, 21 

Damrosch, David, 195-196, 198 

Dannelly, Gay N., 367-372 

Data collectors, automatic, 465, 467 

Databases, abstracting and indexing 

(A&I). See also Computer systems; 

described, 449; linking multiple, 

457-460; user interfaces, 484-485 

Davis, Trisha L., 391-403 

A Day at Damp Camp, 649 

Decentralized libraries, 322, 328-329 

Delcarpio v.  St. Tammany Parish School 

Board, 13-14 

Deleuze, G., 641 

Delivery systems. See also Interlibrary 

lending; electronic,  441-444; 

physical, 438-441, 510-529 

Democracy, libraries roles in, 1, 2, 29, 

37, 45-46, 52, 626 

Developing countries, Internet access 

in, 504-505 

Developing Library and Information Cen- 

ter Collections, 63-64 

Dewey Decimal Classification: disciplin- 

ary markers, 241; as metadata 

scheme, 465 

Dewey,J., 720 

DIALOG: Dialindex, 161; history of, 

533; interdisciplinarity of, 161; in- 

terface, 458; LC MARK-Books, 

245-248; OneSearch, 161, 256; 
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RANK command, 243, 245-252; 

searching for interdisciplinary syn- 

theses in ,  245-252; Social 

SciSearch, 248-252, 255-259 

DIM. See Research Libraries Group, 
Digital Image Access Project 
( D I W
Dickey, Walter, 15 

Digital classrooms, 763 

Digital communication, 644-650 

Digital libraries. See also Electronic re- 

sources; cooperative collection de- 

velopment, 383-389; critical evalu- 

ation in, 771-803; curricular prac- 

tices and, 748-749; defined, 576, 

750,759,761-763; delivery systems 

compared to, 438; educational re- 

form and, 576; future of, 431-432, 

582-584; history of, 435-436,501-

502; intellectual freedom, 588- 

590; interlibrary lending affected 

by, 376; “just in time” learning, 

623-638; as learning environ- 

ments, 687-707, 708-724; librar- 

ians roles in, 500-501, 722-723; 

policy issues, 585-601; research lit- 

erature, 575-576; resource sharing 

affected by, 376; in schools, 746- 

770; searching in, 714-719, 749- 

756, 771-803; selectors roles in, 

387-388; as systems, 771-803; tran- 

sition to, 386-387; youth services 

affected by, 585-601 

Digital space of libraries, 759, 761-766 

Digital world: children in, 642-644; 

nonlinearity of, 641; print materi- 

als in, 657-659 

Digitizing primary source documents, 

664-675 

Discrimination: age, 23-24, 79; Ameri- 

can Library Association stance on, 

56; denial of library materials, 67- 

70; gender, 117-118; Library Bill 

of Rights, 23-24, 79; race, 9-10, 

117-118; sexual orientation, 56; St. 

Patricks-Evacuation Day parade, 9- 

10; U. S. Constitution, 23-24 

Display areas, 9, 24-25, 83 

Distance education, 493 

Distributed search: advantages of, 460-

461; union catalogs using, 457; 

239.50 using, 454456, 457 

Division of knowledge. See Knowledge, 
division of 
Dix, William S., 37, 39, 56 

DK. See Dorling Kindersley 
D-Lib Magazine, 576 

Document delivery. See also Delivery 

systems; Interlibrary lending; cli- 

ent  demands, 534; commercial 

suppliers, 375-376, 531-550, 551- 

568; copyright issues, 544-545, 

547; costs, 375,521-529,547-548; 

customer service, 542-543; de-

scribed, 500, 534; entrepreneurial 

issues, 533, 546-550; history of, 

531-533, 551-552; item availabil- 

ity statistics, 562-565; item profiles, 

557-562; library profiles, 556-557; 

North American Interlibrary Loan 

and Document Delivery Project, 

375; Performance Measures Study, 

554; process, 535-545; quality con- 

trol, 539-541, 548; research and 

development, 544; speed of deliv- 

ery, 375; statistics, 553, 555-563; 

surveys, 553-554; technology ef- 

fects on, 534, 548 

Dogan, Mattei, 227, 296-314 

Donated materials: limitations on, 9; 

rejection of, 16, 67, 77 

Donnelly, F. K., 93 

Donovan, C., 626 

Dorling Kindersley, 645-646 

Down Those Mean Streets, 16-1 7 

Downs, Robert B.: American Library 

Association ( A M ) ,  37, 40-41, 43; 

The First Freedom: Liberty and Justice 
in the World of Books and Reading, 
30, 44-45 

Drabenstott, Karen M., 586 

Dresang, Eliza T., 639-663 

Dublin Core, 464, 466-469 

Duguid, P., 762-763, 765, 766 

Duranceau, E., 413-414 

Dynamic Services, 531-533 

EAD (Encoded Archival Description), 

465 

Easton, David, 345 

EBSCO: history of, 533; materials se- 

lection, 394; OhioLINKuse of, 441 
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Economics as interdisciplinary, 310- 

312 

EDC Center for Children and Technol- 

ogy (CCT), 664675 

Education. See also Academic disci- 

plines; D-Lib Magazine issue on, 

576; educational reform move- 

ment, 43; future roles of educators, 

627-628; learner-centered ap- 

proach, 678-679 

Educational Resources Information 

Center (ERIC), 290, 291 

Egan, D. E., 730 

Eisenhower, Dwight D., 40-41 

Electric Library, 631-637, 792-793 

Electronic Industries Association, 594 

Electronic Journals Collection (Com- 

mittee on Institutional Coopera- 

tion), 495 

Electronic libraries. See Digital librar- 

ies 

Electronic mail. See also Internet; high 

school students using, 777-783, 

789-790; listservs, 228-230; used 

for  communication with col-

leagues using, 381; used for infor- 

mation exchange, 171; used for 

research, 776-782, 788-789 

Electronic publishing. See alsoJournals, 

electronic; authors interest in, 500; 

children’s literature, 639-662; 

children’s resources, 595-596; con- 

tent, 515; copyright issues, 392, 

400,511-512,513-514; dataprepa-

ration, 605-606; fair use issues, 

384, 514; financial models, 511, 

512-513; future of, 583; history of, 

407-410; indexes in publications, 

607; interface design, 605, 615; li- 

braries affected by, 405-407; mul- 

timedia capabilities, 616-621; 

product testing, 615-616; recent 

trends, 405-407; search engines 

for publications, 606-615 

Electronic resources. See also Digital 

libraries; in academic libraries, 

488-498; access issues, 385-386; 

cataloging, 473-475; children us-

ing, 725-745; classroom use, 6 6 4  

675; collection development of, 

491, 592-594; collocation of, 473- 

475; in consortia, 419; copyright, 

392, 400, 441, 496, 511-512, 513- 

514; disadvantages of using, 495- 

497; faculty using, 491-493; infor- 

mation literacy, 591-592; interli- 

brary lending affected by, 490-491; 

learning environments and, 687- 

707, 708-724; licensing, 385, 392, 

399-402; materials selection, 391- 

403; networking, 402; research af-

fected by, 493-495; teaching af- 

fected by, 490-493, 770-802; user 

needs, 728-730; user skills, 496- 

497, 694-698 

Electronic Text Center (Pennsylvania 

State University library), 494 

Elementary schools, 1 4 1 5 ,  19. See also 

School libraries 

Ellis, Brett Easton, 8, 66, 76 

Elmer-Dewitt, Philip, 588 

Elsevier, TULIP Project, 405, 408, 412, 

510 

Elzinga, Aant, 143 

E-mail. See Electronic mail 

Emberley, Michael, 652 

Encoded Archival Description (EAD), 

465 

Encyclopedia Bm‘tannica, 490 

The Encyclopedia of Mushrooms, 23, 77 

Encyclopedias, electronic: digitizing, 

602-622; high school students us-

ing, 785-788; print encyclopedias 

compared  to, 787; searching 

through, 752-753 

Englebart, Douglas, 507-508 

Enoch Pratt Free Library, 592, 593 

Epistemic drift, 143 

Epperson v. Arkansas, 19 

Equality of information access. See In-
formation democracy 
Equality of service. See Services, equal- 
ity of 
ERIC. See Educational Resources Infor- 
mation Center (ERIC) 
Establishment Clause, 12 

Eternal City, 648 

Evans, G. Edward, 63-64, 70 

Exchange of information. See Informa-
tion exchange 
Exhibit spaces, 9, 2425 ,  83 

Exon, Senator James, 588-589 
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Facilities access, 10-1 2 

Factual correctness. See also Censorship; 

as collection development issue, 

23; evaluating, 54, 89-91, 93-94; 

holocaust denial literature, 87-96; 

intellectual freedom, 94-93; label- 

ing materials, 90-91; liability for, 

23; Library Bill of Rights, 54-55 

Faculty: computer skills of, 496-497; 

electronic resources used by, 491- 

493; library relationship with, 488- 

489; library use, 289 

Fair Use of electronic resources, 384, 

514. S p e  also Copyright 

Fales, Corinna, 664-675 

Faxon, OhioLINK use of, 441 

Federal Building, Oklahoma City, 15 

Federal Trade Commission (FTC), 

589-590 

Feelings, Tom, 632-653 

Feminist studies, 136. See also Women’s 

studies 

Ferreird, S .  M., 691-692, 700 

Field Foundation, 38 

FileMaker-Pro, 269 

Film censorship, 35 

Filtering software for Internet access, 

590-59 1 

Finden Keepen, 36 

First Amendment. Sep U. S .  Constitu-
tion, First Amendment 
The First Frerdom: Liberty and Justice in  

the World of Books and Reading; 30, 

44-45 

Fiscella, Joan B., 280-295 

Fiske, Marjorie, 30, 43-44, 45, 64 

Flanders, Bruce, 589, 593 

Fleischman, Paul, 646-647 

Fleming, Malcolm, 700-701 

Florida Bazv Went jor It, Inc., 18 

Florida State Center for Library Auto- 

mation, 452 

Forest Press classification system. See 

Dewey Decimal Classification 

Foundationalism compared to bound- 

aries of academic disciplines, 206- 

207 

Freedom of speech. See also U. S .  Con-

stitution, First Amendment; chal- 

lenges to, 9-10; Communications 

Decency Act, 589; government ac- 

tions, 9-12; inciting violence, 21- 

22; Mark Twain on, 25; media, 10; 

private actions, 9-1 2; protection 

of, 89-90; social clubs, 10; toler- 

ance of alteringviews, 1.3-16; U. S. 

House of  Representatives Un- 

American Activities Committee, 

30-31 

The Freedom to IGad, 39-43 

Freitas, I., 227-228 

Frison 71. Franklin County Board ofEduca-

tion, 9, 20 

From thr Notebooks o j  Melanin Sun, 652 

FTC (Federal Trade Commission), 

589-390 

Fuller, Steve, 206 

Fund for the Republic, 38, 43 

Funding: for American Library Associa- 

tion ( A M ) ,  38; cuts affecting col- 

lection development, 379,627; for 

digitizing of Library of Congress 

documents, 665, 677; for elec- 

tronic resources, 596; for Georgia 

Library Learning Online (GAL- 

ILEO) ,  420-421, 431-432; for 

OhioLINK, 424, 431, 437; for uni- 

versities from religious groups, 12 

Gaines, Ervin J., 54 

GALILEO. See Georgia Library Learn- 

ing Online (GALILEO) 

Garceaii, Oliver, 36 

Garden, Nancy, 67-70 

Gateway to Information, 324-32.5 

Gay and Lesbian Alliance Against Defa- 

mation (GLAAD), 67 

Geertz, Clifford, 165 

Geffner, M., 414 

Genie i n  TheJa?; 656-657 

Geography as interdisciplinary, 141 

Georgia Library Learning Onl ine  

(GALILEO). See aLro Consortia; 

background, 419; composition of, 

417,420,421,436; core programs, 

420; funding, 420-421, 431-432; 

governance, 421; reasons for for- 

mation, 420; services, 430 

Georgia Online Database (GOLD), 417 

Getty Art History Information Pro- 

gram, 472-473 

Getty Online Searching Project, 161 

Ghosey, Lowell, 66-70 

Gibbons, Michael, 144, 148 
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Gieryn, Tom F., 167, 207 

Gifts. See Donated materials 

Giovanni, Nikki, 656-657 

GLAAD. See Gay and Lesbian Alliance 

Against Defamation (GLAAD) 

Global Information Infrastructure 

(GII), 708 

Globalization of cultural space and 

knowledge organization, 347-349, 

351-352 

Goss u. Lopez, 24 

Graham, Clarence, 36 

Graphic novels, 653-655. See also 

Children’s literature 

Graphics in children’s literature, 650 

Graves, Judith K., 676-686 

Great Depression impact on librarians, 

31 

Greb, Amanda, 68 

Griswold u. Connecticut, 18 

Gross National Product (GNP) as in- 

terdisciplinary, 218 

Grycz, Czeslaw Jan, 499-517 

Guattari, F., 641 

Guidelines. See Standards 

Gunn, Giles, 333 

Hance, Myrtle, 42 

Handbook on the Undergraduate Curricu- 

lum, 135 

Handheld books in digital world, 657- 

659 

HANDLE System, 482 

Hannafin, Michael, 701, 702-703 

Hanson, William R., 589 

Harris, Michael, 29-30 

Harris, Robie, 652 

Harvard University, 317 

Haskins, Jim, 13-14 

Hayek, Friedrich A., 195 

Hazelwood School District u. Kuhlmeier,19, 

24 

Health sciences as interdisciplinary, 

265-267, 268-270 

Heisenberg Uncertainty Principle, 534 

Henderson, John, 33 

Henderson, Tona, 488-498 

Hentoff, Nat, 77 

Heo, Yumi, 652 

Herndon, J., 625, 630 

A Hero Ain’t Nothin’But a Sandwich, 16-

17 

Hesse, Karen, 652, 654 

Hidy, Lindy, 652 

Hielsberg, Amy, 8, 23, 66, 76 

High school students: CD-ROMs used 

by, 785-788; e-mail used by, 777-

783, 789-790; information search- 

ing behavior, 694-698, 749-756; 

information use, 756-758; World 

Wide Web used by, 783-785, 788-

789, 791-793 

Hirschleifer, J . ,  310 

Hirsh, Sandra G., 725-745 

Historical revision. See Holocaust de- 

nial literature 

Historical sociology as interdiscipli- 

nary, 217 

History: electronic resources, 664-675, 

676-686; as interdisciplinary, 307- 

308; primary source documents, 

664-6 75 

HistoryBase (Blacksburg Electronic 

Village), 763 

Holocaust denial literature, 87-96 

Homeless users, 11 

Homework Helper: described, 747; his- 

tory of, 631; searching in, 755, 756 

Homosexual users, 2, 20-21, 67-70 

Honey, Margaret, 679 

Hopkins, Dianne McAfee, 61-74 

The House on Mango Street, 654655 

How To Suppress Women’s Writing, 3 

HTML (Hypertext Markup Language), 

405 

Huber, Ludwig, 134 

Huizinga, Johan, 284285 

Human Genome Project, 142 

Human-computer interaction as inter- 

disciplinary, 251-252 

Humanities: electronic resources used 

for research, 494; hybridization of, 

136; technology affecting, 508 

Hupp, S. L., 91-92 

Hurd, Julie M.: decentralized services, 

329; identifying interdisciplinarity, 

161; user needs research, 157-158, 

159 

Hurl9 u. Iriih-Amm‘can Gay, Lesbian, and 

Bisexual Group of Boston, 9-10 

Hurt, Charlene S., 320-321 

Hybridization: in humanities, 136; 

interdisciplinarity, 138-140, 297- 

299; process of, 297-299; recogniz- 
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ing, 145; in sciences, 137, 148, 

181-184, 216-218; in social sci- 

ences, 136, 138-140, 296314 

Hypermedia: children and, 575; de- 

fined, 645; instructional design of, 

679-682 

Hypertext, 507-508,645. See alsoWorld 

Wide Web 

Hypertext Markup Language (HTML), 

405 

ICONnect project (American Associa- 

tion of School Librarians), 575- 

576 

Idaho, materials challenges, 77 

IEEE/UC-Systemwide project (Univer- 

sity of California), 510 

IFC. See American Library Association 
( A M ) ,Intellectual Freedom Com- 
mittee (IFC) 
Ignacio, Emily, 753, 771-802 

ILLINET Online, 436 

Illinois: exhibit area controversies, 83; 

materials challenges, 35, 54 

Illinois Library Computer Systems Or- 

ganization (ILCSO), 432,436, 437 

Indexes. See also Controlled vocabulary; 

Databases, abstracting and index- 

ing (AM) ;  bibliographies com-

pared to, 280-281; value of, 466 

INFOhio, 423 

Infonautics Corporation, 631-637 

Information. See also Critical thinking; 

Knowledge; democracy, 630-631; 

high school students using, 756- 

758; life cycle of, 756; literacy, 591- 

592, 625, 687-707; overload, 178-

179, 192-203, 332; retrieval, 158-

163,184-187,239-264,575; space, 

629, 631-632 

Information Access Corporation, 427 

Information exchange: conferences 

used for, 171-173, 177-178; inter-

disciplinary approaches to, 170- 

181; Internet used for, 171, 226- 

238; librarians roles in, 129-130; 

literature used for, 173-175; net- 

working used for, 170-173, 176- 

177, 178-181 

Information on Demand, 532, 533 

Information Power: Guidelines for School 
Library Media Programs, 63,591,593 
Information science: constructivist so-

ciological view of, 211; interdis- 

ciplinarity of, 255-261, 280-295 

Information seeking behavior. See also 

Research strategies; approaches to 

interdisciplinarity, 155-163; bibli- 

ography compilation, 287-291, 

292-293; for electronic resources, 

694-698, 749-756, 771-803; of 

high school students, 749-756; for 

Internet resources, 753-754; re-

search on, 155-163, 166-168; in 

sciences, 170-181; stages of, 712-

714; teaching, 708-724 

Information Store, 532, 533 

Infosphere, 625-626 

hgraham 11. Wright, 24 

Institute for Scientific Information 

(ISI): described, 555; history of, 

532; services offered by, 562 

Instructional Systems Design (ISD), 

677-685 

Instructional technology, 698-703. See 

also Technology 

Integration movement, 34-35. See also 

Civil rights movement 

Integrative Review of Research, 267, 

270-275. See also Meta-analysis 

Intellectual colonialism, 345-347 

Intellectual freedom: American Library 

Association, 31, 52-54, 56; bibliog- 

raphy, 97-105,122-125; children’s 

access to information, 588-590; 

collection development, 87-88; in 

digital libraries, 588-590; factual 

correctness, 94-95; history of, 124- 

125; intellectual freedom move- 

ment, 35; legal aspects, 122-124; 

librarians commitment to, 51-52; 

libraries upholding, 37-38; library 

school curriculum, 8, 23, 66; 

Truman Administration, 30-31 

Intellectual Freedom Committee. See 
American Library Association 
(ALA),Intellectual Freedom Com- 
mittee (IFC) 
Intellectual Fzedom Manual, 63 

Intellectual property rights, 384. See also 

Copyright; Fair Use 

Interdisciplinarity: in academia, 135, 

145-148; creating, 252-255; defin- 

ing, 150, 160-161; hybridization 
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and, 138-140,297-299; library ad- 

ministrators impacted by, 315-342; 

politics of, 333-336; reasons for, 

214-215, 216-218; study of, 130; 

teamwork useful to, 215, 269-270, 

298; terminology of, 149-150; un- 

derstanding, 148-151 

Interdisciplinary associations. See also 

Knowledge, division of; conditions 

for emerging, 135-144, 145-148, 

198-200; in humanities, 136; insti- 

tutional structure influencing, 

145-148; library support for, 330- 

333; revealing, 130; in sciences, 

137; in social sciences, 136, 205 

Interdisciplinary communication, 219- 

221, 230-231 

Interdisciplinary disciplines. See also 

Academic disciplines; American 

studies, 147-148; area studies, 

308-310; behavioral ecology, 248- 

250; biology, 141; crime studies, 

139; economics, 310-312; geogra- 

phy, 141; Gross National Product 

(GNP), 218; health sciences, 265- 

267, 268-270; historical sociology, 

217; history, 307-308; human-com- 

puter interaction, 251-252; leisure 

studies, 281, 284-295; political 

economy, 217; political science, 

305-307; social anthropology, 308- 

310; sociobiology, 245-248; sociol- 

ogy, 304-305; women’s studies, 

214-215 

Interdisciplinary research. See also 

Meta-analysis; Research strategies; 

approaches to, 155-163; barriers 

to, 349-351; classification systems 

impacted by, 129-130, 135-136, 

319-322; context of, 134-154; his- 

tory of, 136-137, 141-142, 165- 

166; information overload, 192- 

203; librarians roles in, 267-277; 

libraries supporting, 130-133, 135, 

166,322-328,330-333; location of 

activities, 145-148; mapping, 136, 

186; problem-oriented, 140-144; 

resources aiding, 161-163, 184- 

187; in sciences, 165-168; strate- 

gies, 155-163, 169-181, 192-203; 

technology impacting, 325-328; 

user needs, 155-163 

Interdisciplinary science journals, 175 

Interdisciplinary syntheses, 239-264 

Interfaces: consistency needed, 484- 

485; Serial Item and Contribution 

Identifier (SICI), 458-459; World 

Wide Web, 459; 239.50, 458, 459 

Interlibrary lending. See also Consortia; 

Document delivery; Resource shar- 

ing; access to controversial materi- 

als, 92; costs, 375, 519-521, 524-

529; defined, 500, 552; electronic 

resources, 441-444, 490-491; his-

tory of, 532; of journals, 441-444, 

503; library profiles, 556-557; ma- 

terial profiles, 557-562; statistics, 

375, 439, 555-563; surveys, 553- 

554; technology effects on, 375- 

376; user initiated, 376, 438, 439- 

440 

International Council for Scientific 

and Technical Information, 157 

International Federation of Library 

Associations (IFLA), 470, 471, 

475-476 

International Information Administra- 
tion (IIA). See State Department’s 
International Information Admin- 
istration (IIA) 
International Standard Serial Num- 

bers, URNS compared to, 483 

International Standards Organization 
(ISO), 477. See also Standard Gen- 
eral Markup Language (SGML) 
Internet. See also Computer systems; 

Technology;names of specific Internet 

tools; consortia accessible from, 

425,427,429; culture of, 228-231; 

as The Digital Library, 754; domain 

names described, 231-232; filter- 

ing software, 590-591; history of, 

228, 501-502, 507-508; informa- 

tion exchange using, 226-238; or-

ganization of, 173-174, 226-238, 

466, 471-472, 473-475, 479-480; 

pornography on, 588; as reference 

source, 327; resource sharing us- 

ing, 417; searching behavior, 753- 

754; use in academia, 501-502,508 

Internet access: connecting schools 
and libraries to, 587; in develop- 
ing countries, 504-505; limited, 
589-591,594-595; in public librar- 
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ies, 586; in schools, 586 

In t e rne t  Engineering Task force 

(IETF), 464, 483 

Internet Network Information Center 

(Internic), 231-232 

Iowa, materials challenges in, 24 

Iowa State University, CyberStacks, 326 

Irish-American Gay, Lesbian, and Bi- 

sexual Group of Boston, 9-10 

ED.  See Instructional Systems Design 

(ISD ) 

1%. Seu Institute for Scientific Informa- 

tion (ISI) 

ISSNs (International Standard Serial 

Numbers), URNS compared to, 

483 

Jacobson, Frances F.: on digital librar- 

ies, 586, 753, 771-802; on technol-

og and children, 575-581, 593 

Janus, Robert J., 602-622 

Jaycees, 10 

Jtricho, 649 

Jones, Clara S., 52, 53 

Josey, E. J., 52 

Journals: bibliographic access to, 381; 

C O S ~ Sof, 502-503, 518, 520-521, 

525-528, 561-562; document de- 

livery, 560-562; interlibrary lend- 

ing, 503; national distribution cen- 

ter, 506-507; use levels, 520-521; 

variant versions, 477; weeding, 507, 

525-528 

Journals, electronic. See aZso Electronic 

publishing; abstracting and index- 

ing databases (AM),458; archives, 

413-41.5; cataloging, 474; CD-

ROM, 409-410; collection develop- 

ment, 412; copyright issues, 400, 

441, 496; costs of access, 442-443, 

496; current trends, 410-415; first- 

generation defined, 406; history 

of, 407-410; information available, 

411-412; integration into local sys- 

tems, 41 2-413; interlibrary lend- 

ing, 441-444; licensing, 442-443, 

496; at Pennsylvania State Univer- 

sity library, 495; second-generation 

defined, 406; transition to, 404- 

415; user interfaces, 458; vendors, 

441 -442 

‘:Just in time” learning, 623-638 

Kafai, Yasmin, 595-596, 597 

Kansas, materials challenges in, 66-70 

Katz, Jonathan, 590-591 

Kellogg Foundation funding digitizing 
of Library of Congress documents, 
665, 677 

Kelly, G., 721 

Kennedy Justice Anthony M., 18 

Kid Pix, 596 

Kid’s Catalog, 575 

Kingma, Bruce, 518-530 

Kissinger, Henry 9 

Klein, Julie Thompson: academic dis- 

ciplines defined, 206; on interdis- 

ciplinary associations, 135; on in- 

terdisciplinary information needs, 

134-154, 337-338; on knowledge 

structures, 346; on libraries and 

interdisciplinarity, 325, 344; on 

politics of interdisciplinarity, 333, 

334 

Knight-Ridder Information Services, 

533 

Knowledge. See also Information; divi- 

sion of, 130, 137; representing, 

148-15 1 

Knowledge communities. See also Inter-

disciplinary associations; defined, 

204-205; epistemological, 205- 

207; epistemological sociology, 

215-221; metaphorical, 218, 219; 

social epistemology, 212-215,357- 

361; sociological, 207-212 

Knowledge exchange. See Information 
exchange 
Knowledge production: ethnography 

of, 344-345; information overload, 

200-202; librarians role in, 352- 

, 357-361; social organization 

of, 337; theories of, 144, 148 

Knowledge structures: approaches to, 

345-347; boundaries of, 205-207, 

209-212, 213-216, 227-228; clas- 

sification systems based on, 204- 

20.5; of emerging disciplines, 134- 

135, 137-140; establishing, 140- 

144; examined, 168-181; informa- 

tion retrieval impacted by, 158- 

161; integrating, 344-345; interdis- 
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ciplinarity influences, 143-144; 

representing, 148-1 5 1; sociology 

of, 207-212; specialization of dis-

ciplines impacting, 345-347 

Kohl, David F., 435-447 

Kozma, Robert, 699-700 

Kreimer u. Bureau of Police for Town of 
Momistown, 11 

Krug, Judith, 590 

Kuhlthau, Carol Collier, 708-724,773- 
774, 774-775 

Lacy, Dan, 39-40 

Lambs Chapel u. Center hloriches Union 

Free School Distm’ct, 10 

Landow, George P., 645, 646 
-
Language, interdisciplinarity of, 230- 

23 1 

Larson, Jane, 15 

Lau, Joseph, 277 

Laudan, Larry, 208 

Laughon, Sally, 589 

Lawsuits: collection content, 15-20; 

collection development policies, 

12, 19-20; materials access limita- 

tions, 9, 11-12, 14; materials chal- 

lenges, 13, 14-15, 19, 21, 22, 25, 

67-70; meeting room use, 10-1 1 

Layton u. Swapp, 25 

LCS online public access catalog, 417, 

432, 437 

Leander, Kevin M., 746-770 

Learning environments, digital librar- 
ies as, 687-707, 708-724 

Learning, “just in time,” 623-638 

Learning Page (Library of Congress), 

676-686 

Leisure studies as interdisciplinary, 

281, 284-295 

Levie, Howard, 700-701 

Lexias, 645 

Liberty and Justice Book Awards, 43 

Librarians: attitudes toward technol- 

o,g, 326; as censors, 40; facilitating 

interdisciplinary communication, 

219-221; fear of censorship, 43- 

44; impartiality, 29; intellectual 

freedom, 51-52; as intelligent 

agents, 793; professional au- 

tonomy, 37; professional status, 

29-30, 31, 40, 44; social responsi- 

bility of, 29, 52-53, 55-58; social 

sciences influences on, 31; as sub- 

ject specialists, 343-363 

Librarians roles: in constructivist learn- 

ing, 71 1-712; in digital libraries, 

722-723; future of, 627-628; in in- 

terdisciplinary research, 267-277; 

in knowledge production, 352- 

353, 357-361; in learning, 716- 

717, 719, 720, 721, 722; in society, 

31, 44, 45-46; in teaching critical 

evaluation, 772 

Librarianship: integration of disci- 

plines, 357-361; social history of, 

353-354 

Libraries. See also specific types of lihrar-

ie,~;integration movement, 34-35; 

intellectual freedom, 51-52; as 

public forum, 11; supporting 

emerging disciplines, 129-130; 

supporting interdisciplinarity, 

130-133, 135, 166, 184-187 

Libraries roles, 626-627; in democra- 

cies, 2, 29, 37, 45-46, 52; in infor- 

mation exchange, 129-130; in so-

ciety, l ,  11, 32, 51; technology af- 

fecting, 505 

Library Bill of Rights. See also School 

Library Bill of Rights; 1967 revi- 

sion, 23, 54, 55; 1948 version, 31; 

acceptance of, 45; access limita- 

tions, 9; age discrimination, 23-24; 

ALA Code ofEthics compared to, 81- 

82; ambiguity of, 19-21, 79; appli- 

cation of, 33, 35, 45; audience, 80; 

benefits of, 2, 66, 70-71; bibliog- 

raphy, 105-108; changes proposed, 

83-84; collection development, 8, 

21, 54, 63, 64, 67-70; contradic- 

tions in, 7, 32, 51, 60; diversity is- 

sues, 8; endorsement, 33; enforce- 

ability, 83-84; factual correctness, 

23, 54; First Amendment protec- 

tions, 7-8, 81-84; Fourteenth 

Amendment protections, 7; history 

of, 28-49, 50-60; intellectual free- 

dom, 51-52, 87; interpretations, 

51, 63, 73, 79-80, 83, 588; lawsuits 

relying on, 67-70; legal critique, 7-

27; legal status, 70-71, 81-84; 

moral stance of, 52; national expo- 

sure, 35, 39-43; neutrality of, 55; 

objectivity encouraged by, 31; plu-
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ralism encouraged by, 31-32; poli- 

cies based on, 587; political influ- 

ences on, 30-31; rhetoric of, 76- 

79; salutations for, 38-39; school 

library media programs, 61-71,73; 

skepticism encouraged by, 31-32; 

symposium at University of Wis-

consin-Madison, 3-6; U. S. Bill of 

Rights compared to, 79-80; use of, 

35, 61, 81-84; user interpretation, 

80, 83; weaknesses of, 34, 83-84 

Library boards, 32 

Library cards, restrictions on, 23-24 

Library catalogs. See Catalogs 
Library computer systems. See Online 
public access catalogs (OPACs) 
Library of Congress: African American 
Pamphlet collection, 666-675; 
American Memory, 676-686; Cata- 
loging Directorate’s Text Capture 
an  d E1e c t r  oni c Co live r si on 
(TCEC), 468-469; Cataloging in 
Publication Program, 468; C.enter 
for  Children a n d  Technology 
(CCT), 578-579; digitizing docu- 
ments, 664-675; Learning Page, 
676-686; materials labeling, 39; 
Memorandum ofApeement on Conver-
gence of Cataloguing Policy, 472; Na- 
tional Digital Library collections, 
664-675; World Wide Web site, 
677-685 
Library of Congress classification: as 

disciplinary markers, 241; interdis- 

ciplinarity impacting, 320; interna- 

tional cataloging schemes, 472; as 

metadata scheme, 465; World 

Wide Web search engines using, 

326 

Library of Congress Subject Headings, 

92-93 

Library schools: censorship discus- 

sions, 112-114; collection develop- 

ment curriculum, 63-64, 65; intel- 

lectual freedom curriculum, 8, 23, 

66 

Library science, 31. Sre also Information 
science 
Library services, centralized, 322. See 
also specif2c qpes of services 
Licensing electronic resources, 385, 

392, 399-402, 442-443, 496 

Liebscher, P., 693-694, 700 

Life cycle of information, 756 

Lifelong learning, 630, 636-637 

List, C., 637-638 

Listservs, 228-230. See also Internet 
Literary criticism compared to censor- 

ship, 76-78 

Louisiana Library Network (LLN), 421, 

422, 430, 431, 436-437 

Louisiana Online University Informa- 

tion System (LOUIS), 421-422, 

436-437 

Lowenthal study, 44 

Lynch, Clifford A,, 448-461 

Macaulay David, 595, 647-648 

MacEwan, Bonnie, 414, 488-498 

Machine Readable card Catalog. See 
MARC format 
Machine-Readable Bibliographic 

Records (MARBI), 477 

Mack, R., 576 

MacLeish, Archibald, 29, 32-33, 45-46 

Madonna, 22-23, 78 

Make Lemonade, 652 

Mannheim, Karl, 208, 209 

Mapping concepts influencing interdis- 

ciplinary inquiry, 136, 186 

MARBI, 477 

MARC format: Berkeley Finding Aid 

Project (BFAP), 478; content des- 

ignation of document types, 477; 

Dublin Core mapping to, 468; 

Internet organization schemes, 

471-472,473; Library of Congress 

Cataloging Directorate’s Text Cap- 

ture and Electronic Conversion 

(TCEC), 468-469; as metadata 

scheme, 465; Research Libraries 

Group Digital Image Access 

Prqject (DIAP) using, 478-479; 

restructuring possibilities, 475- 

476; Standard General Markup 

Language (SGML) , 477, 484; Text 

Encoding Initiative (TEI) header 

data used with, 480, 484 

Marchionini, Gary, 596, 690-69 1, 693- 

694, 700, 729 

Marcinko, Randall, 531-550 

Marsh, Elizabeth, 551-568 

Marshall, Justice Thurgood, 9, 16 

Martin u. City of Struthers, 18 

Massachusetts, materials challenges in, 

32-33, 39 

Masullo, M., 576 

Materials. See also Collection develop- 

ment; Selectors; costs, 519-524; in- 

terlibrary lending profiles, 557- 

562; national distribution center, 

506-507; reviews of, 3, 392; weed- 

ing, 413-414 

Materials access: lawsuits, 9, 11-12, 14; 

right to receive, 17-18 

Materials access restrictions: age based, 

79; films, 35; labeling, 35-37, 39, 

41, 42, 90-91; Library Bill of 

Rights, 9, 35, 54; obscenity, 22-23; 

political views, 35; reasons for, 14, 

36; in school libraries, 42 

Materials challenged: 2 Live Crew, 3; 

Ammican Psycho, 8, 23,66,76; Annie 

on My Mind, 67-70; Black Boy, 16-

17; Canterbury Tales, 19; Daddy’s 

Roommate, 21; Down Those Mean 

Streets, 1617;  Finders Keepers, 36; A 

Hero Ain’t Nothin’ But a Sandwich, 

16-17; “Miller’s Tale,” 19; The Na- 

ked Ape, 1617 ;  The Nation, 32-33, 

34; The New Republic, 34; New World 

Review, 39; Orientalism, 3; Pravda, 

Izvestia, 39; Sex, 22-23, 78; The Si- 

lent Scream, 77; Slaughterhouse Five, 

16-1 7;Soul on Ice, 16-1 7; The Story 

of Little Black Sambo, 23; Voodoo & 

Hoodoo, 13-1 4 

Materials challenges. See also Book 

burnings; Censorship; alternatives 

to removal, 14; censorship com- 

pared to, 78; collection develop- 

ment policies, 64-66; educational 

value lacking, 13-14; factual cor- 

rectness, 23, 77, 89-90; gender is- 

sues, 3; gender stereotypes, 12-13; 

homosexual themes, 67-70; incul- 

cating societal values, 15; lawsuits, 

12, 13-14, 15, 16-19, 20, 22, 25, 

67-70; Library Bill of Rights, 54; 

obscenity, 14, 19, 20, 22-23; out-

comes, 64-65; political views, 35, 

36, 39; racial views, 3, 15-16; rea- 

sons for, 12-15, 20, 32-33, 34, 54- 

55; religious views, 54, 77; user 

needs, 2; voodoo information, 13-

14 

Materials selection. See Collection de- 

velopment 
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MathSciNet (Pennsylvania State Univer- 

sity library), 494 

Maurer, Hermann, 596 

Maus: A Survivor’s Tale, 654 

McCarthy, Joseph, 33-34, 39, 43, 52 

McClelland, K., 642, 658 

McClintock, Robert, 710 

McCloud, Scott, 654 

McVeigh, Timothy, 15 

Mead, T. L., 269-270 

Media Programs: District and School, 62. 

See also School media centers 

Media, restrictions on, 10 

Mediating technology use, 754756 

Meeting rooms, equal access to, 10-11 

Mellon Foundation Performance Mea- 

sures Study, 554 

MELVYL, 451,452-453. See also Univer-

sity of California 

Memorandum of Agreement on Convergence 

of Cataloguing Policy, 472 

Mergen, Bernard, 286 

Merton, Robert, 207-208 

Meta-analysis, 267-270. See also Integra-

tive Review of Research; Interdis- 

ciplinary inquiry 

Metadata schemes, 465-466, 468-469, 

483-485 

Meyer, Carolyn, 646 

Michigan Association for Media in Edu- 

cation (MAME), 64 

Michigan, materials challenges, 13, 64 

Michigan u. Long, 13 

The Middle Passage, 652-653 

MINITEX (Minnesota), 432 

More, More, More, Said the Baby, 652 

Morris, Desmond, 16-17 

Mosher, P. H., 377-378, 379-380 

Mote, L. J. B., 156-157, 158-159 

Mozert v. Hawkins City Board of Educa-

tion, 15 

Mr. Edible Starchy Tuber Head, 788 

Multidisciplinary. See Interdisciplinary 

Multilayered books, 648-650 

Multimedia, electronic publishing us-

ing, 616-621 

MultiMedia Schools, 589 

Museums linked with schools, 761 

The Music of Dolphins, 652, 654 

The Naked Ape, 16-17 

Nardi, Bonnie, 793 
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National Association for the Education 

of Young Children, 596 

National Center for Missing and Ex- 

ploited Children: Child Sqfkly on thp 

Information Highway, 594 

National Center for SutxrcomDutinv 
1 0 

Applications ( N C S ~ ) ,763 

National Digital Library Federation: 

goals of, 464 

National Digital Library (Library of 

Congress), 664-675 

National Education Association, 62 

National Enquiry, 506 

National Information Infrastructure 

(NII) Task Force Report (1993), 
708 

National information policy, 587 

National Institutes of Health, 266 

National Library of Medicine (NLM) 

classification system, 465 

National Organization of Women 

(NOW), 8 

National Science Foundation, 709 

National security and censorship, 118-

122  

Natural language processing in search 

engines, 612-613 

Nature, 175 

NCSA (National Center for Supercom- 

puting Applications), 763 

Neal, Jim, 412, 414-415 

Neavill, B., 413, 414 

Negroponte, Nicholas, 585, 595, 59’7, 

644 

Nelson, Theodor, 641, 645 

Net Nanny, 590 

NetDay, 594 

NetFirst search engine, 326 

NetLearningPlace, 763 

Networked Information Discovery and Re 
trieval, 464 

Networking electronic resources, 402 

Networking (interpersonal communi- 

cation), 170-173, 176-177, 178-

181 

Neuman, Delia, 586-587,679,687-707 

Neural ATetworks,175 

New Jersey, material challenges, 85 

NewJersey v. 7: I,. O., 24 

The New &public, 34 

New World &view, 39 

New York State Club Assor., Inc. 71. The City 
of New York, 10 

New York, SUNY Express, 524-529 

New York University, 317 

Newsletter on Intellectual Freedom, 38 

Nilan, M. S., 753 

NLM (National Library of Medicine) 

465 

Nodelman, Perry, 643, 651, 652, 653 

North American Interlibrary Loan and 

Document Delivery Project, 375 

From the Notebooks of Melanin Sun, 652 

NOTIS, 421 

Nurnberg, P. J., 761-762 

Oakman, Robert, 508 

OCLC. See Online Computer Library 

Center 

O’Connor, Justice Sandra Day, 18-19 

O’Day,V., 793 

OECD. See Organization for Economic 

Cooperation and  D eve1 op me n t 
(OECD) 
Ohio College Library Catalog. See On-
line Computer Library Center 

Ohio, materials challenges, 42 

Ohio Public Library Information Net- 

work (OPLIN), 423 

Ohio State University, 324-325 

OhioLINK. See also Consortia; advan- 

tages of, 417; circulation system, 

438; collection development, 445- 

446,447; composition of, 423,424, 

436; computer systems for, 437-

438,440-441; core programs, 423- 

424; delivery systems, 438-444; 

electronic journal vendors, 441- 

442; funding, 424, 431, 437; gov- 

ernance, 424; interlibrary lending, 

438,439-440; reasons for forming, 

424, 504; services, 430; as union 

catalog, 452 

Oklahoma, 33-34, 39 

Oklahoma City Federal Building, 15 

Oklahoma Library Association, 34 

Olathe South High School, 66-70 

Oliver, R., 691, 700 

One Afternoon, 652 

Onl ine  Computer  Library Center  

(OCLC). See also Catalogs; Union 
catalogs; CNI Workshop (1996), 
467; costs of interlibrary lending, 
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519; described, 451; development 

of, 374-375; Electronic Journals 

Online (EJO), 409; FirstSearch 

database, 420, 427; ILL PRISM, 

551-568; Internet organization 

schemes, 471-472, 479-480; 

Internet Resources Project, 473; 

NCSA Metadata Workshops, 466; 

NetFirst, 326, 471-472; Online 

Union Catalog, 417; PURL Reso- 

lution for naming URLs, 482-483; 

record consolidation, 452-453; 

SiteSearch software, 420 

Online Journal of Current Clinical Tri- 

als, 409 

Online public access catalogs (OPACs). 

See also Interfaces; card catalogs 

compared to, 750-751; children 

using, 587, 725-745; development 

of, 374-375; electronic journals in- 

tegrated into, 412-413; restructur- 

ing possibilities, 476-477; retro-

spective conversion, 375; World 

Wide Web as interface, 480 

Orbis Sensualium Pictus, 650-65 1 

Orbit, 245 

Oregon Trail landmarks, 435-436 

Organization for Economic Coopera- 

tion and Development (OECD), 

141-142 

Organizing the Global Digztal Library Con- 

ference (1995), 467-468 

Orientalism, 3 

Pacific Gas &Electric Co. v. Public Utili- 

ties Commission, 10 

Packer, K. H., 157, 159 

Pahre, Robert, 204-225, 227 

Palmer, Carole L., 129-133, 165-191 

Pam Berger, 575-576 

Pankake, M., 377-378, 379-380 

Papert, Seymour, 596-597, 626, 643- 

644 

Parades as freedom of expression, 9-10 

Paradigmatic upheavals in social sci- 

ences, 299-301 

Paraprofessionals, social history of, 

353-354 

Paris Statement on cataloging prin- 

ciples, 470 

Park, I., 702-703 

Paulson, William, 150 

Peattie, N., 89-90 

Pendergrast, Mark, 91 

Pennsylvania State University library, 

488-498 

It 5 Perfectly Normal: A Book about Chang- 

ing Bodies, Growing Up, Sex, and 

Sexual Health, 652 

Performance Measures Study (Mellon 

Foundation and  Association of 

Research Libraries), 554 

Periodical Abstracts (UMI), 441, 490 

Perzylo, L., 691, 700 

Petry, Martha, 646 

Philosopher’s Index, 290 

Physical space of school libraries, 759- 

761, 763-766 

Picture Books for Older Readers, 651 

Pictures in children’s literature, 650- 

653 

Pitti, Daniel, 478 

Play &Leisure (television course), 287- 

288 

Play, study of. See Leisure studies 

Pluralism, Library Bill of Rights en- 

couraging, 31-32 

Policies: defined, 587;for digital librar- 

ies, 585-601; First Amendment as 

basis for, 11; notfollowed, 9; policy 

narratives, 598-599; for youth ser- 

vices, 585-601 

Political bias compared to factual cor- 

rectness, 54 

Political science as interdisciplinary, 

217, 305-307 

Pornography on the Internet, 588 

Portable Document Format (PDF), 

405, 443 

Postmodernism and children’s litera- 

ture, 655 

Potter, William Gray, 416-434 

Powell, Justice Lewis, 18 

Prabha, Chandra, 367-372, 551-568 

The Practice of Everyday Life, 3 

Pravda, hxst ia ,  39 

Primary source documents, 664-675 

Print materials in digital world, 657- 

659 

Prison libraries, 15 

Pritchard, Sarah M., 334, 338 

Private schools, censorship in, 13-14 

Problem patrons. See Users, unruly 

Problem-initiated learning, 711 
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Prodigy’s Homework Helper.  See 

Homework Helper 

Professional schools, interdisciplinary 

inquiry, 142-1 43 

Program for Cooperative Cataloging 

(PCC), 471 

Project 21, 67 

Project Mayday / Chickscope, 761,762 
Project SEED (Science for Early Edu- 

cational Development), 725-745 

Project Vision (Pennsylvania State Uni- 

versity library), 493 

ProQuest Direct, 441 

Pruneyard Shopping Center v. Robbins, 10 

Public libraries: access to resources, 

400; censorship in, 112-1 14; col- 

lection development policies, 12, 

42-43; holocaust denial literature 

in, 91-92; Internet access, 586, 

5 9 4-5 9 5 

The Public Library in the Political Process, 
36 

Public services, interdisciplinarity im- 
pacting, 322-328. See also spec@ 
types of services 
Publishing industry: biases, 3, 8; liabil-

ity for  negligence, 22; market 

forces, 8, 16; self-censorship, 8-9; 

technology affecting, 384, 505, 

509-515 

Quality control in document delivery, 

539-541 

Quigley, Margery, 35 

Radford, Gary P., 321 

Raitt, D. I., 237 

Raschka, Chris, 656-657 

Rathe, R. J., 268 

Rauh, Joseph, 9 

Records. See User records 
Red Sage, 510 

Reference librarians as subject special- 

ists, 327-328 

Reference services: classification sys- 

tems affecting, 205; interdis- 

ciplinarity impacting, 324-325; 

referrals, 328 

Rehnquist, Chief Justice William, 15 

Religious materials in public libraries, 

12 

Research. See also Interdisciplinary re-

search; electronic resources used 

for, 326-327, 488-498; Integrative 

Review of Research, 267; selective 

dissemination of information 

(SDI), 157, 162; user needs, 155- 

163 

Research centers, 146, 147 

Research Libraries Group, 451, 478- 

479, 481 

Research Libraries Information Net- 

work, 374-375 

Research strategies. See also Informa-

tion seeking behavior; informal 

networking, 170-173, 176-177, 

178-181; for interdisciplinarity, 

155-163,169-181, 192-203; meta- 

analysis, 265-279; mission-ori-

ented, 142; postprocessing search 

results, 269; probing, 169-170; 

problem-oriented, 140-1 44, 169, 

183, 215; “restless,” 144; “scat- 

tered” fields, 156-157, 174, 183- 

184; in sciences, 213; in social sci- 

ences, 298 

Research Triangle University Libraries, 

383 

Resource sharing. See also Consortia; 

Delivery systems; Interlibrary lend- 

ing; access over ownership, 373, 

375; components of, 374; coopera- 

tive collection development, 376; 

defined, 499-500; disadvantages 

of, 500; electronic resources, 376, 

385-386; future of, 367-368; glo- 

bal, 481-482; Internet used for, 

417;reasons for, 503-504; scholarly 

communication affected by, 499- 

517 

Restricted library cards, 23-24 

Reynolds, George, 140 

Richards, D. T., 269-270 

Right to read, 17, 18. See also Intellec-

tual freedom 

Rights of users, 37, 79, 81 

RLG. See Research Libraries Group 
=IN, 374-375 

Robbins, Louise S., 28-49 

Roberts v. United States Jaycees, 10 

Robots. See Data collectors, automatic 
Rock, Paper, Scissors model for instruc- 

tional design of hypermedia, 679- 

682 
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Roe, Emery, 598 

Rogers, Rutherford, 35-36 

Roosevelt, Eleanor, 32-33 

Rosenberg, R., 625 

Rosenberger v. Rector and Visitors of the 

University of Virginia, 12 

Rosenblatt, Louise, 646 

Rotary Clubs, 10 

Rules of Professional Conduct of the 

American Bar Association, 82-83 

Russ, Joanna, 3 

Russia, cataloging schemes in, 472 

Ryan, M. T., 317-318 

Said, Edward, 3 

Samek, Toni, 50-60 

San Antonio Public Library, 42 

Sandlian, Pam, 582-584 

Sanger, Margaret, 9 

Sargent, John, 645-646 

Scalia, Justice Antonin, 18 

SCANS. SeeU. S. Department of Labor, 
report from the Secretary's Com- 
mission on Achieving Necessary 
Skills 
Scattered fields of information, 156- 

157, 158 

Schell, C. L., 268 

Schladweiler, Chris, 97-125 

Scholarly communication: academic 

libraries impacted by, 332-333; re- 

source sharing, 499-517 

Scholarly Communication: Report of the 
National Enquiry, 506 

Schon, D., 772, 789, 793 

School board lawsuits: Bicknel l  v.  

Vergennes Union High School Board, 

20, 25; Delcarpio v. St. Tammany Par- 

ish School Board, 13-14; Virgil L! 

School Board of Columbia Co., 19 

School librarians, roles of, 754755 

School libraries. See also Elementary 

schools; School media centers; ac- 

tivities in, 759-766; censorship in, 

42, 66-70, 108-112; collection de- 

velopment, 20-21, 42-43, 64, 65; 

digital space, 664-675, 746-770; 

guidelines for, 62, 63; holocaust 

denial literature, 91; Internet ac- 

cess restricted, 589; Library Bill of 

Rights, 61-71; materials chal- 

lenges, 1 6 1 7 ,  42; physical space, 

759-761, 763-766; roles of, 18, 

759-761 

School Library Bill of Rights. See also 

Library Bill of Rights; bibliography, 

108-1 12; history of, 62-63; impact 

of, 43; text of, 72 

Schools: Internet access, 586,594595; 

museums linked with, 761 

Schuman, Patricia G., 52, 58, 59 

Science, 175 

Science Citation Index, 161 

Science Library Catalog Project (Sci- 

ence for Early Educational Devel- 

opment Project), 725-745 

Science Teaching a n d  Learn ing  

Project, 755, 756 

Sciences: boundaries of discipline, 

168-1 81; constructivist sociology 

of, 209-212, 220-221; hybridiza- 

tion of, 137, 148, 169-184, 216- 

218; interdisciplinary associations, 

137; interdisciplinary research, 

165-191; research strategies in, 

213; sociology of, 207-21 2; tech- 

nology affecting, 508; user needs 

for interdisciplinary research, 157- 

158 

ScientiJic American, 175 

Scieszka, Jon, 651 

Scooter, 652 

SDI. See Selective dissemination of in- 
formation (SDI) 

Search, distributed, 454456,457,460- 

461 

Search engines: for electronic publica- 

tions, 606-615; user needs, 606- 

613,633-635; for World Wide Web, 

410, 463, 469 

Search robots. See Data collectors, au- 
tomatic 
Search skills. See Information seeking 
behavior 
Searing, Susan E., 135, 315-342 

Segregation. SeeCivil Rights movement 
Selection. See Collection development 
Selective dissemination of information 

(SDI), 157, 162 

Selectors. See also Collection develop- 
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Small, R. V., 691-692, 700 

Smith, Jack T.,Jr., 265-279 

Smith, John E., 37 

Smith, Lane, 6.51 
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tronic information systems, 771-

803 

Technical services librarians, 353-354 

Technical specialists working with se- 

lectors, 398 
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scholarly communication affected 

by, 499; sciences affected by, 508; 

users affected by, 505-506 

TEI. Ser Text Encoding Initiative (TEI) 

TEIPMARC metadata scheme, 484 

Terminology emerging from interdis- 

ciplinarity, 149-1 50 

Texas, materials challenges, 42 

TexShare, 424-426, 430, 431 

Text Encoding Initiative (TEI): Guide- 

lines for Electronic Text Encoding 

and Interchange, 465; header data 

used with MARC records, 480,484; 

as metadata scheme, 465; Standard 

General Markup Language 

(SGML) similarities, 478 

Third World countries, Internet access 

in libraries, 504-505 

Thomas, Justice Clarence, 18 

Thomas u. Board of Education, 20 

Thompson, .Julie, 664-675 

Timr, article on online pornography, 

588 

Tinker v. Des Moines Independent Commu- 

nity School Distm'ct, 24 

Total Quality Management (TQM), 332 
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consolidation, 452-453; uses for, 

449-454 

Universities, funding from religious 

groups, 12 

University Laboratory High School at 

the University of Illinois at Urbana- 

Champaign, 771-803 

University libraries. 	See Academic li- 
braries 
University Microfilms Incorporated 

(UMI): ABI/Inform, 441; criteria 

for selection of materials from, 

394; described, 554-555; history 
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Internet 

INDEX TO VOLUME 45 831 

User education: integrative approaches 

to,  323; support  for interdis- 
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